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INTRODUCTION. 


The Review for April, 1896, is based on 2,726 reports 
from stations occupied by regular and voluntary observers, 
classified as follows: 149 from Weather Bureau stations; 
83 from U. 8. Army post surgeons; 2,404 from voluntary 
observers; 32 from Canadian stations; 1 from Hawaii; 96 
received through the Southern Pacific Railway Company; 11 
from U.S. Life-Saving stations. International simultaneous 
observations are received from a few stations and used 
together with trustworthy newspaper extracts and special 
reports. 


The WreaTHER Review is prepared under the general edi- 
torial supervision of Prof. Cleveland Abbe. Unless other- 
wise specifically noted, the text is written by the Editor, but 
the statistical tables are furnished by Mr. A. J. Henry, Chief 
of the Division of Records and Meteorological Data. Spe- 
cial acknowledgment is made of the hearty cooperation of 
Prof. R. F. Stupart, Director of the Meteorological Service of 
the Dominion of Canada, Mr. Curtis J. Lyons, Meteorologist 
to the Government Survey, Honolulu, and of Dr. Mariano 
Barcena, Director of the Central Meteorological Observatory 
of Mexico. 


CLIMATOLOGY OF THE MONTH. 


GENERAL CHARACTERISTICS. 


East of the Rocky Mountain Plateau regions the mean 
temperatures during April were generally above the normal ; 
very many stations report the highest maximum tempera- 
tures on record. 

A region of heavy rainfall covered the upper Mississippi 
and lower Missouri valleys. The rainfall was below the nor- 
mal in the Atlantic and Gulf States and in the Ohio Valley. 

ATMOSPHERIC PRESSURE. 
{In inches and hundredths. 

The distribution of mean atmospheric pressure reduced to 
sea level, as shown by mercurial barometers, not reduced to 
standard gravity, and as determined from observations taken 
daily at 8 a. m. and 8 p. m. (seventy-fifth meridian time), is 
shown by isobarson Chart IV. That portion of the reduction 
to standard gravity that depends on latitude is shown by the 

numbers printed on the right-hand border. 

' ‘The mean pressures during the current month were high in 
the Middle and South Atlantic States, Florida, and the Ohio 
Valley. The highest were: Charleston, 30.22; Savannah, 
30.21; Jacksonville, 30.20; Mobile, 30.19. 

The mean pressures were low in the Missouri Valley, the 
northern and middle slopes, the southern Plateau, and British 
Columbia. The lowest were: Dodge City, 29.83; Spences 
Bridge, 29.84; Calgary and Pueblo, 29.85; Concordia, 29.86; 
Medicine Hat, 29.87; Omaha and Wichita, 29.88. 

As compared with the normal for April, the mean pressure 
was in excess over New England, the Middle and South At- 
lantic States, the Lake Region, and Quebec and Ontario, but 
generally deficient west of the Mississippi River. The great- 
est excesses were: Boston, Wilmington, and Charleston, 0.19; 
Father Point, Eastport, Block Island, New Haven, Kittyhawk, 
Hatteras, and Savannah, 0.18; Washington, 0.17. The great- 
est deficits were: Concordia, 0.17; Rapid City, 0.12; Pueblo, 
0.11; Pierre, 0.10. 

Ascompared with the preceding month of March the pressures 


reduced to sea level show a decided rise over New England, 
the Middle and South Atlantic States and Lake Region and a 
decided fall west of the Mississippi River. The greatest rises 
were: Chatham, 0.25; Father Point and Eastport, 0.24; 
Charlottetown and Yarmouth, 0.23; Portland, Me.,0.22. The 
greatest falls were: Concordia, 0.24; North Platte and Dodge 
City, 0.23 ; Pierre, 0.22; Huron,0.21; Omaha and Pueblo, 0.20. 


AREAS OF HIGH AND LOW PRESSURE. 
By Prof. H. A. Hazen. 


During the month of April nine low areas have been traced 
on Chart I, and six high areas on Chart II]. These charts show 
also the position of each low and high at each 12-hour period 
of its existence and the barometer reading at these points. 
During the last few days of the month an area of rather per- 
manent high pressure remained nearly stationary off the 
south Atlantic Coast, but not sufficiently near our stations of 
observation to be charted. A remarkable feature of the lows 
this month has been their formation on the Pacific Coast in 
the extreme northwest and their general disappearance be- 
fore reaching the Atlantic Coast. There has also been a 
marked absence of storms passing over the Southern States. 

The accompanying table exhibits some of the more im- 
portant facts regarding the origin and velocity of the highs 
and lows, and the following brief description is added : 


HIGH AREAS. 


I.—First seen in Wyoming a.m. of Ist; its motion was 
east-southeast, and was last seen p.m. of 5th off the south 
Atlantic Coast. 

II.—First observed in Washington State p.m. of 3d; its 
motion was eastward, reaching the Atlantic Coast a. m. of 
9th. After that it hovered off the coast and its last defi- 
nite location was off the south Atlantic Coast p,m. of 11th. 

III.—First seen tod the north of Montana a. m. of 15th; its 
motion was to the north of stations of observation, and it 
disappeared in Manitoba p. m. of 17th. 
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IV.—First noted to the north of Montana. a. m. of 20th; 
its motion was southeast, and it was last noted off the middle 
Atlantic Coast p. m. of 23d. 

V.—This high was seen first to the north of Lake Superior 
a.m. of 23d; its motion was the slowest of any high during 
the month, and this slow motion was partly made up from 
its hovering near Nova Scotia for three days. It was last 
noted a. m. of 28th off Nova Scotia. ; 

VI.—Like the last, this high was first seen to the north of 
Lake Superior a. m. of 28th. It moved east to the north of 
the St. Lawrence, which it reached p. m. of 30th. 

LOW AREAS. 


I.—This is the continuation of No. X of March, which was 
in Iowa p. m. of 31st, and first noted in Wisconsin; its mo- 
tion was eastward, and it was last seen in the St. Lawrence 
Valley p. m. of 2d. 

Il.—First noted p.m.of Ist in eastern Virginia; its motion 
was northeast, and it disappeared off Nova Scotia p.m. of 5th. 
_ TiL—Was first seen off the north Pacific Coast a. m.of 6th; 
its motion was first southeast, reaching Kansas 7th; thence 
its track was northeast, beirg last noted over Lake Huron 
p. m. of 9th. 

IV.—Was first seen off the middle Pacific Coast a. m. of 9th; 
its motion was a little south of east to Kansas and then north- 
east. It was last noted north of Lake Superior a. m. of 14th. 

V.—Firct noted to the north of Montana p. m. of 11th; its 
motion was southeast to Nebraska, thence northeast to the 
north of Lake Huron, where it was last seen a. m. of 16th. 

VI.—This storm was first seen in New Mexico a.m. of 16th; 
north-northeast, and disappeared in Manitoba p. m. 
of 19th. 

VII.—This storm also originated off the north Pacific coast 
p.m. of 18th; its motion was nearly due east, and it was last 
seen off the New England Coast a. m.of 22d. This storm and 
No. II are the only ones of the month reaching the Atlantic. 

VIII.—First noted to the north of Montana p. m. of 20th; 
its motion was eastward, at the lowest velocity of any storm 
of the month. It was last seen to the north of. Lake Superior 
p.m.of 24th, | 

IX.—First seen off the middle Pacific Coast p. m. 23d; its 
motion was erratic, as it doubled on itself. It was last noted 
p. m. of 30th in northern Minnesota. 


Movements of centers of areas of high and low pressure. 


AV 
First observed. Last observed. Path. veloci 
5 
High areas e;°e © | © | Miles. |Days.| Miles. \Miles. 
43| 111| 7) 3,070) 45| 681) 2.9 
cote 3,p-m.| 48/ 118 1li,p.m.| 78 4,180) 8.0 522, «21.8 
15, a.m. 117 | «17%,p.m.| 106 980) 2.5 396 «16.5 
BW 20, a.m 111 | Ba.m.| 76 2,870; 3.5 677 | 
B.a.m.| 530) Wa.m.| 1,850) 5.0 871 | 15.5 
28, a.m 48 | 9,p.m.| 49 66 970 | 2.5 389 | 16.2 
430 | %.0 3,086 
Mean of 
Low areas. 
la.m. 2p.m. 4) 1.5 456 | 19.0 
I,p-m.| 837| 77| &p.m. 46) 1,610) 4.0 408 | 16.8 
6,a-m.| 48/ O9p.m. 84 | 3,080/ 3.5 867 | 86.1 
9,a.m.| 43/ 124/ I4,a.m. 2,530| 5.0 506 | 21.1 
li,p-m. i6,a.m. 47 88} 2,200) 4.5 508 | 21.0 
WE 16,a.m.| 51 | 1,870) 3.5 535 | 22.3 
WEE. 18,p.m. 47| 12 41 69 | 3,200; 3.5 915 | 38.1 
WHEE 2,p.m.| 58/ 116/24.p.m. 51 86 | 1,600; 40 401 16.7 
ve coded %,p.m.| 126/30,p.m. 48 | 3,550) 7.0 | «21.5 
Mea ars | 36 5,098 | 212.6 
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LOCAL STORMS. 
By A. J. Henry, Chief of Division of Records and Meteorological Data. 


2d.—Severe winds were experienced throughout portions of 
Wisconsin, Michigan, and northern Indiana. In some cases 
the wind was accompanied by heayy snow and freezing tem- 
peratures. Railway train service was much impeded in north- 
ern Wisconsin and Michigan. 

10th.—Severe winds visited portions of Wa 
son counties, lowa, on the morning of the 10th. 
was confined to barns and outbuildings. 

11-12th.—High winds with rain, snow, or sleet prevailed 
throughout eastern Colorado and western Kansas from near 
midnight of the 11th until late in the afternoon of the 12th. 
The area of storm winds also extended southward to northern- 
central Texas. Traffic was generally suspended on all railway 
lines in Colorado and there was also more or less minor dam- 
age to telegraph and telephone wires, electric light plants, 
etc. The damage in Texas was mostly caused by high winds. 
The points at which small losses occurred were Fort Worth, 
Cresson, Reagin, Annetta, Abilene, and Colorado City. At 
the last-named place the storm assumed the violence of a tor- 
nado (see March Review, p. $2). A tornado also occurred in 
the vicinity of Cale, Ind. T.; damage small. 

13th.—Severe local winds were felt at Burlington and Clin- 
ton, Vt., but no serious damage was done. 

15th.—Severe thunderstorms, at times approaching the 
violence of a tornado, occurred in Faulk and Edmund 
counties, 8. Dak., during the early morning of this date. : 

19th—A destructive hailstorm visited the towns of New 
Marlboro, Sandisfield, and Tolland, Mass., destroying many 
panes of glass and damaging the interiors of a number of 
residences at those places. ; 

20th.—A tornado occurred on the afternoon of this date 
near Fremont, Sandusky County, Ohio, and many destruc- 
tive thunderstorms were experienced in other portions of 
northern Ohio, Indiana, and Pennsylvania. The path of 
greatest severity extended from the Indiana line across the 
State of Ohio and into the northwestern portion of Pennsyl- 
vania. Roofs and chimneys were damaged by the high winds ; 
crops and fences were blown down; cellars flooded and con- 
siderable loss was entailed upon electric light companies by 
the blowing down of their wires and poles. Damages by se- 
vere thunderstorms were also reported from various points in 
Nebraska, Iowa, Illinois, and Indiana. 

22d.—Severe wind and hailstorms passed over small por- 
tions of Nevada, Vernon, and Stoddard counties, Mo., on this 
date. The damage was confined to fruit trees and crops. 

24th.—Two houses were demolished by a severe windstorm 
at Salem, Va. 

25th.—The most severe storm of the month, measured b 
the number of lives lost and the value of property rearanes | 
occurred shortly after 7 o’clock of this date. 
first observed near the little town of St. Joseph, in the eastern 
part of Cloud County, Kans., thence it passed in a northeast- 
erly direction through the northern part of Clay County, and 
into the southern edge of Washington County. Its path was 
about 400 feet wide and 20 miles long; 8 people were killed 
and about 20 injured; loss about $15,000. 

26th.—A_ severe wind and hail storm 
Conway and Faulkner counties, Ark., 
timber and fences and a few houses. 

The following is from the report of the North Dakota Cli- 
mate and Crop Service, April, 1896: 

A severe cyclone [tornado] occurred at 5 o’olock p. m., Sunday, 
April 26, in the western portion of Barnes County, the most destruc- 
tion to property occurring near Hobart, and one person was injured at 
that place. The tornado formed near the foot of Lake Eckelson and 
moved in a zig-zag course in a northeasterly direction, barns and a 


schoolhouse in its path being wrecked and all of the buildings belonging 
to Nels Monson, a farmer, were destroyed. Monson was carried away 
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with the house and was afterward found in an unconscious condition, 
lying in a slough, about fifty yards from where the house had stood. 

is injuries consisted of bruises and a broken arm, but were nor fatal. 
The storm extended about 20 miles in length and was only about 40 
rods in width. 

27th.—Two tornadoes occurred in Hanson and McCook 
counties, 8. Dak.; 2 persons were injured and the property 
loss was about $15,000. 

28th.—The following is from the report of the Iowa Climate 
and Crop Service, April 1896: 

On the night of the 28th a severe windstorm, having some of 
the characteristics of a tornado, passed through Poweshiek County, 
Iowa, in a northeasterly direction, the line of greatest force being about 
4 miles east of Grinnell. One house, belonging to Mr. C. Ingerman, 
was turned on its foundation and badly wrecked. A number of other 
buildings were unroofed or badly damaged, and the general destruc- 
tion of property was considerable, but happily no person was seriously 
injured. The storm appears to have been a heavy squall, with occa- 
sional gyratory movement of the wind. It was probably the nearest 
approach toa tornado that was noted within the State during that 
month of frequent storms. 

A destructive windstorm was reported as having occurred 
in the vicinity of Centralia, Mo., but inquiry fails to elicit 
any of the details. 

High winds and unusually heavy rains were also reported 
from points in northeastern Iowa, western Kansas, eastern 
Colorado, Nebraska, South Dakota, Minnesota, and Wisconsin. 


TEMPERATURE OF THE AIR. 
{In degrees Fahrenheit.] 
- The mean temperature is given for each station in Table 
II, for voluntary observers. Both the mean temperatures and 
the departures from the normal are given in Table I for the 
regular stations of the Weather Bureau. 

The monthly mean temperatures published in Table I, for 
the regular stations of the Weather Bureau, are the simple 
means of all the daily maxima and minima; for voluntary 
stations a variety of methods of computation is necessarily 
allowed, as shown by the notes appended to Table II: 

The regular diurnal period in temperature is shown by the 
hourly means given in Table V for 29 stations selected out 
of 82 that maintain continuous thermograph records. 

The distribution of the observed monthly mean temperature of 
the air over the United States and Canada is shown by the 
dotted isotherms on Chart IV; the lines are drawn over the 
Rocky Mountain Plateau Region, although the temperatures 
have not been reduced to sea level, and the isotherms, there- 
fore, relate to the average surface of the country occupied by 
our observers; such isotherms are controlled largely by the 
local topography, and should be drawn and studied in con- 
nection with a contour map. ; 

The highest mean temperatures were: Key West, 75.0; Jupi- 
ter, 72.0; Tampa, 71.2; Corpus Christi, 70.8; Montgomery, 70.2. 

The lowest mean temperatures were: In the United States: 
Duluth, 38.1; Havre, Helena, and Lander, 39.4; Eastport, 
39.6; Sault Ste. Marie, 40.0. In Canada: St. Johns, N. F., 
32.0; Minnedosa, 32.4; Prince Albert, 32.6. 

As compared with the normal for April the mean tempera- 
tures for the current month were above the normal in all 
regions except the northern Slope, the southern, middle, and 
northern plateaus, and the Pacific Coast. The greatest ex- 
cesses were: Lexington and Cleveland, 8.5; Port Stanley, 
8.2; St. Louis, 8.1; Saugeen and Port Huron, 8.0. The 
greatest deficits were: Redbluff, 8.3; Fresno, 7.3; Winne- 
mucca, 7.2; Edmonton, 6.6; Walla Walla and Carson City, 
6.3; Portland, Me., Roseburg, and Sacramento, 6.2. 

Considered by districts the mean temperatures for the cur- 
rent month show departures from the normal as given in 
Table I. The greatest positive departures were: Middle 
Slope, 16.5; Missouri Valley, 14.6. The greatest negative 
departures were: Florida Peninsula, 9.7; east Gulf, 4.8. 

The years of highest and lowest mean temperatures for April 


are shown in Table I of the Review for April, 1894. The 
mean temperature for the current month was the highest 
on record at: Harrisburg, 54.4; Pittsburg, 57.2; Cleveland, 
53.4; Columbus, 58.6; Parkersburg, 59.7; Cincinnati, 61.6; 
Indianapolis, 60.0; Chicago, 53.4; Greenbay, 47.7; Du- 
buque, 55.0; Davenport, 57.1; Springfield, Ill., and Keokuk, 
60.0; Des Moines, 56.0; Concordia, 61.0; Topeka, 62.8; - 
Dodge City, 59.9; Wichita, 63.7; Kansas City, 61.4; Colum- 
bia, Mo., 63.6; Springfield, Mo., 62.8; St. Louis, 64:8; Cairo, 
65.8; Louisville, 64.6; Lexington, 61.8; Raleigh, 63.6; Char- 
lotte, 64.8; Knoxville, 63.8; Chattanooga, 65.0; Nashville, 
65.1; Meridian, 69.0; Fort Smith, 68.0; Little Rock, 68.4; 
Vicksburg, 70.4; Montgomery, 70.2; Atlanta, 65.7. It was 
the lowest on record at: Neahbay, 44.8; Roseburg, 46.3; 
Redbluff, 52.2; Winnemucca, 40.6; Carson City, 42.6; Sac- 
ramento, 53.3; San Francisco, 51.6; Fresno, 54.7; Los An- 
geles, 56.2; Yuma, 65.8. 

The maximum and minimum temperatures of the current 
month are given in Table I. The highest maxima were: 96, 
Cape Henry (19th), Columbia, 8. C. (18th); 95, Lynchburg, 
Norfolk, and Raleigh (18th); 94, Baltimore (18th), Char- 
lotte (17th); 93, Philadelphia, Washington, Parkersburg 
(18th), Augusta (17th). The lowest maxima were: 59, Port 
Angeles (20th); 60, Duluth (19th), Tatoosh Island (24th); 
61, Fort Canby (4th); 62, Neahbay (24th), Eureka (4th). 
The highest minima were: 66, Key West (3d); 53, Port Eads 
(frequently), Corpus Christi (2d); 51, Jupiter (14th). The 
lowest minima were: 5, Lander (ist); 6, Helena (16th), 
Havre (17th); 8, Cheyenne (ist); 9, Denver (2d); 10, Wil- 
liston (16th). 

The years of highest maximum and lowest minimum tempera- 
tures are given in the last four columns of Table I of the 
current Review. During the present month the maximum 
temperatures were the highest on record at: Northfield, 81; 
Albany, 88; New Haven, 85; Block Island, 71; Nantucket, 
70; Woods Hole, 69; Vineyard Haven, 79; New York, 90; 
Philadelphia, 983; Harrisburgh, 92; Pittsburg, 90; Columbus, 
Ohio, 89; Sandusky, 88; Toledo, 86; Detroit,85; Port Huron, 
84; Greenbay, 84; Milwaukee, 85; Toledo, 86, Indianapolis, 
87; Cincinnati, 87; Parkersburg, 93; Baltimore, 94; Wash- 
ington, 93; Cape Henry, 96; Norfclk, 95; Lynchburg, 95; 
Lexington, 88; Knoxville, 90; Chattanooga, 90; Atlanta, 89; 
Charlotte, 94; Raleigh, 95; Columbia, 8. C., 96; Savannah, 
90; Jacksonville, 92. The minimum temperatures were the 
lowest on record at: Harrisburg, 24; Greenbay, 11; Minne- 
apolis, 15; Havre and Helena, 6; Neahbay, 27; Fort Canby, 
34; Astoria, 32; Idaho Falls, 13; Salt Lake City, 18; Red- 
bluff, 34; Sacramento, 36; Fresno, 34; Los Angeles, 38; 
Pueblo, 15; Amarillo, 24; Columbia, Mo., 21. 

The greatest daily aug * of temperature and the extreme 
monthly ranges are given for each of the regular Weather Bu- 
reau stations in Table I, which also in data from which 
may be computed the extreme monthly ranges for each sta- 
tion. The largest values of the greatest daily ranges were: 
Pueblo, 47; Northfield and Dodge City, 46; Elpaso, 45; Port- 
land, Me., and Sandusky, 44. Thesmallest values were: Port, 
Eads, 10; Key West, 12; Galveston, 16; Corpus Christi and 
Tatoosh Island, 17; San Francisco, 18; Hatteras, 19; Jupiter 
and New Orleans, 20. Among the extreme monthly ranges 
the largest values were: Dodge City, 76; Greenbay, 73; Mil- 
waukee and Denver, 71; Concordia, 70. The smallest values 
were: Key West, 17; San Francisco, 25; Point Reyes Light, 
26; Tatoosh Island, Fort Canby, and Eureka, 27. 

The accumulated monthly departures from normal tempera- 
tures from January 1 to the end of the current month are 
given in the second column of the following table, and the 
average departures are given in the third column for compari- 
son with the departures of current conditions of vegetation 
from the normal condition. 
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Accumulated Accumulated 
departures. 
A A 
ver- ver- 
Total. age. Total. age. 
° ° ° ° 
2.8 0.7 ‘ew England ............ —3.7| —0.9 
Ohio Valley and Tenn..... 2.0 0.5 | Middle Atiantic.......... —2.0;| —0.5 
Lower Lake .. ........«««« 2.0 0.5 | South Atlantic ........... —2.2) — 0.6 
Upper Lake 9.8 | + 2.4 | Florida Peninsula........ —%7| —24 
North Dakota™............. 6.0 1.5 || Bast —1.2 
Upper Mississippi ...... 12.7 3.2 
ssouri Valley 14.6 3.6 
Northern Slope ........... 8.9 2.2 
Middle 16.5 4.1 
Abilene (southern Slope).| +-10.0 2.5 
Southern Platean ......... 3.8 1.0 
Middle Plateau ........... 4.9 1.2 
Northern Plateau......... 17.4 4.4 
North aes 0.9 0.2 
Middle Pacific. 2.2 0.6 
Southern Pacific .......... 4.5 1.1 


The limit of freezing weather is shown on Chart VI by 
the isotherm of minimum 32°, and the limit of frost by the 
isotherm of minimum 40°. 


MOISTURE. 


The quantity of moisture in the atmosphere at any time 
may be expressed by the weight of the vapor coexisting 
with the air contained in a cubic foot of 2 or by the 
tension or pressure of the vapor, or by the temperature 
of the dew-point. The mean dew-points for each station of 
the Weather Bureau, as deduced from observations made at 
8 a. m. and 8 p. m., daily, are given in Table I. 

The rate of evaporation from a special surface of water on 
muslin at any moment determines the temperature of the 
wet-bulb thermometer, but a properly constructed evaporome- 
ter. may be made to give the quantity of water evaporated 
from a similar surface during any interval of time. Such 
an evaporometer, therefore, would sum up or integrate the 
effects of those influences that determine the temperature 
as given by the wet bulb; from this quantity the average 
humidit of the air during any given interval of time may be 
deduced. 

Measurements of evaporation within the thermometer 
shelters are difficult to make so as to be comparable at tem- 
peratures above and below freezing, and may be replaced by 
computations based on the wet-bulb temperatures. The ab- 
solute amount of evaporation from natural surfaces not pro- 
tected from wind, rain, sunshine, and radiation, are being 
made at a few experimental stations and will be discussed in 
special contributions. 

Sensible temperatures.—The sensation of temperature experi- 
enced by the human body and ordinarily attributed to the 
condition of the atmosphere depends not merely on the tem- 
perature of the air, but also on its dryness, on the velocity 
of the wind, and on the suddenness of atmospheric changes, 
all combined with the physiological condition of the observer. 
A complete expression for the relation between atmospheric 
conditions and nervous sensations has not yet been obtained. 


PRECIPITATION. 
[Im inches and hundredths.) 

The distribution of precipitation for the current month, as de- 
termined by reports from about 2,500 stations, is exhibited 
on Chart III. The numerical details are given in Tables I, 
II, and III. The total precipitation for the current month 
was heaviest (from 6 to 18 inches) in the coastal and moun- 
tainous regions of northern California, Washington, and Ore- 

n. Areas of 8 to 10 inches were reported from eastern 
sto sg inclosed within a much larger region of over 6 
inches. 

The larger values at regular stations were: Eureka, 11.1; 
Astoria, 9.2; Neahbay, 7.9; Greenbay, 7.5. 

The diurnal variation, as shown by tables of hourly means 


of the total precipitation, deduced from self-registering gauges 
kept at the regular stations of the Weather Bureau, is not 
now tabulated. 
The current 
given in Table 
cess over the upper Lake Region, upper Mississippi, and lower 
Missouri valleys, Manitoba, Washington, Oregon, and north- 


from the normal precipitation are 
, which shows that precipitation was in ex- 


ern California. It was deficient in the Atlantic States. The 
large excesses were: Eureka, 7.0; Dubuque, 5.0; Winnipeg, 
4.3; Dodge City, 3.9; La Crosse, 3.6; Greenbay and Astoria, 
3.3. The large deficits were: Fort Smith, 4.6; Louisville, 
4.2; Vicksburg, 3.6; Palestine, 3.4; Atlanta, 3.1; Nantucket 
and Hatteras, 3.0. ; 

The average departure for each district is also given in Table 
I. By dividing ess by the respective normals the following 
corresponding percentages are obtained (precipitation is in 
excess when the percentages of the normals exceed 100): 

Above the normal: Lower Lake, 109; upper Lake, 147; 
North Dakota, 160; upper Mississippi, 130; Missouri Valley, 
138; northern Slope, 106; middle Slope, 109; middle Pla- 
teau, 145; northern Plateau, 120; north Pacific, 127; middle 
Pacific, 236. 

Normal: Southern Plateau, 100. . 

Below the normal: New England, 38; middle Atlantic, 37 ; 
south Atlantic, 42; Florida Peninsula, 46; east Gulf, 61; 
west Gulf, 56; Ohio Valley and Tennessee, 57; southern 
Plateau, (Abilene), 41; southern Pacific, 92. 

The years of greatest and least precipitation for April are 
iven in the Review for April, 1890. The precipitation 
or the current month was the greatest on record at: Wil- 
liston, 2.86; St. Paul, 5.63; Greenbay, 5.48; La Crosse, 5.84; 
Minneapolis, 5.12; Huron, 6.17; Sioux City, 6.16; Dubuque, 
7.80; Topeka, 4.00; Dodge City, 5.50; Winnemucca, 1.95; 
Eureka, 11.13; Point Reyes Light,4.20; Fresno,2.82. It was 
the least on record at: Eastport, 0.86; New Haven, 1.19; 
Nantucket, 0.62; Narragansett Pier, 1.38; Woods Hole; 1.33; 
Harrisburg, 1.19; Washington, 1.07; Cincinnati, 0.59; In- 

dianapolis, 1.27; Louisville, 0.40; Lexington, 0.40; Wilming- 
ton, 0.64; Atlanta, 0.58; Fort Smith, 0.46. 

The total accumulated monthly departures from normal pre- 
cipitation from January 1 to the end of the current month 
are given in the second column of the following table; the 


third column gives the ratio of the current accumulated pre- 
cipitation to its normal value. 
si a 
|< 
Inches. | Per ct. Inches. | Per ct. 
Lower Lakes 1.00 109 ew — 2.80 82 
North Dakota............. 2.30 157 || Middle Atlantic.......... — 1.80 R5 
Northern Slope ........... 0.50 114 || South Atlantic ........... — 3.70 
Middle Plateau ........... 0.90 | 116 || Florida Peninsula........ — 0.60 
North Pacific............++ 4.40 120 || East — 4.00 
Middle Pacific............. 2.40 114 || West Gulf .............5- — 2.50 83 
Ohio Valley and Tenn....| — 5.60 68 
Upper Lakes ............. — 0.70 92 
Upper Mississippi ........ — 1.80 SH 
Missouri Valley .......... — 0.50 93 
Middle Slope ............ — 1.50 73 
Abilene (southern Slope).| — 2.90 54 
Southern Plateau ....... — 0.40 79 
Northern Plateau........ — 1.10 85 
South Pacific............. — 1.60 79 


Details as to excessive precipitation are given in Tables 
XII and XIII. 

The total monthly snowfall at each station is given in 
Table II. Its geographical distribution is shown on Chart 
VI. The southern limit of freezing temperatures and possible 
snow is shown on this chart by the isotherm of minimum 32°. 
The isotherm of minimum 40°, namely, the air temperature 
within the thermometer shelter, is also given on this chart, 
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and shows approximately the southern limit of frost on ex- 
posed surfaces. 
WIND 


The prevailing winds for April, 1896, viz, those that were 
recorded most frequently, are shown in Table I for the regular 
Weather Bureau stations. 

The resultant winds, as deduced from the personal observa- 
tions made at 8 a. m.and 8 p.m., are given in Table IX. 
These latter resultants are also shown graphically on Chart 
IV, where the small figure attached to aa arrow shows the 
number of hours that this resultant prevailed, on the assump- 
tion that each of the morning and evening observations rep- 
resents one hour’s duration of a uniform wind of average 
velocity. These figures indicate the relative extent to which 
winds from different directions counterbalanced each other. 

HIGH WINDS. 


Mazin.um wind velocities of 50 miles or more per hour 
were reported at regular stations of the Weather Bureau as 
follows (maximum velocities are averages for five minutes; 
extreme velocities are gusts of shorter duration, and are not 
given in this table): 


| § 
$|8 
Miles Miles 
Abilene, Tex...........- 12 60 | sw. | Elpaso, Tex...........- 12 64 | sw. 
Amarillo, Tex .......... 10 60 | s. 50 | sw. 
ll 4 | s. Fort Canby, Wash..... 6 54 | 
Baffalo, N. 2 30 60s. 
Chicago, 10 57 | se Huron, 8. Dak ......... 7 51 | se. 
18 60 s. Moorhead, Minn....... 2 51 | se. 
Cleveland, Ohio ........ 2) S6)| w. New York, N. Y....... 4 52 | nw. 
3 ow. Pueblo, Colo........... 12 | on. 
Denver, Colo...........+ 30 50 | nw. || Rapid City, 8. D....... 28 58 n. 
Dodge City, Kan........ 12 55 | s. Santa Fe, N. Mex...... 10 50) sw. 
17 Sioux City, lowa ...... 26 50 | nw. 
28 50 | s. Williston, N. Dak...... 19 52 | w. 
Duluth, Minn .......... 1 52 | nw. 
HAIL. 


The following are the dates on which hail fell in the 
respective States : 

Alabama, 21, 26,29. Arizona, 11, 17,27. Arkansas, 7, 21, 
22, 25, 26, 28, 29. California, 6, 9, 10, 18 to 16, 18, 19, 22, 24 
to 30. Colorado, 17, 28, 30. Connecticut, 25. Florida, 25. 
Georgia, 24, 25,27 Idaho, 6, 7, 8, 10, 12 to 16, 18, 19, 20, 22, 
25, 27 to 30. Illinois, 7, 10, 13, 18, 20, 21, 23, 26, 28, 29. In- 
diana, 8, 20, 21, 24,27. Iowa, 7,9 to 13, 19, 20, 23, 25, 26, 28, 
29. Kansas, 5 to 8, 10 to 13, 16 to 22,24, 25, 26, 28, 30. Ken- 
tucky, 21, 23, 24, 26, 29. Louisiana, 13, 14. Maryland, 11. 
Massachusetts, 17, 19, 20. Michigan, 11, 17. Minnesota, 1, 
11, 13, 16, 17, 23, 25 to 29. Mississippi, 26, 27, 29. Missouri, 
7, 8, 9, 18, 17, 20, 21, 22, 24 to 30. Montana, 13. Nebraska, 
5, 7 to 12, 16, 17, 20, 23, 25, 26,28, 30. Nevada, 6, 15, 16, 17, 19 
to 22, 25, 26, 28, 29. New Jersey, 2, 21. New York, 2, 4, 6, 
17, 20, 21,25. North Carolina, 8, 9, 17, 24, 25. North Da- 
kota, 8,11, 12, 26,27. Ohio, 1, 11, 20, 21, 24, 27 to 30. Okla- 
homa, 8. Oregon, 5 to 10, 14, 15, 17, 18, 24, 25, 27 to 30. 
Pennsylvania, 17, 21. South Carolina, 24, 25. South Da- 
kota, 11, 17, 23, 25,27. Tennessee, 20, 21, 22, 24, 26, 27, 30. 
Texas, 1, 2,3, 8, 11, 12, 13, 21, 22, 28, 30. Utah, 10, 11, 14, 27. 
Virginia, 9,17,24. Washington, 2, 6,7, 8, 10 to 15, 18, 21, 25, 
28,29. West Virginia, 21, 24,29,30.. Wisconsin, 1, 10, 11, 13, 
16, 17, 18, 20, 27, 28. 

SLEET. 

The following are the dates on which sleet fell in the 
respective States : 

Arizona, 11, 27. California, 9, 11, 14, 15, 16. Colorado, 10 
to 13, 16, 17,26. Connecticut, 2. Idaho,10, 11,18. Illinois, 
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6 to 9. Indiana,8. Iowa,7,8,9. Kentucky,8. Maine, 2, 7, 
22. Maryland,6,9. Massachusetts,2,22. Michigan, 1,9, 10, 
22. Minnesota, 6, 7,8,11, 16,17. Missouri,8, 13. Montana, 
30. Nebraska, 11,12,17. Nevada, 9, 10, 13, 15, 16, 17, 19, 22, 
26,27. New Hampshire, 2. New Jersey, 2,7,10. New York, 
2. North Carolina,9. North Dakota, 1,7, 8, 11, 12, 13, 15, 16, 
17. Ohio, 1,8,9. Oregon, 9, 12, 18,24, 29,30. Pennsylvania, 
2to 9. South Dakota, 6,7,10,11,17. Texas,2, 3,17. Utah, 
14,16,17. Virginia,9. Washington, 1,2,25. West Virginia, 
9. Wisconsin, 1, 2, 7, 9. 


SUNSHINE AND CLOUDINESS. 


The quantity of sunshine, and therefore of heat, received 
by the atmosphere as a whole is very nearly constant from 
year to year, but the proportion received by the surface of 
the earth depends upon the absorption by the atmosphere, 
and varies largely with the distribution of cloudiness. The 
sunshine is now recorded automatically at 17 regular sta- 
tions of the Weather Bureau by its photographic, and at 
21 by its thermal effects. At one station records are kept by 
both methods. The photographic record sheets show the ap- 
parent solar time, but the thermometric sheets show seventy- 
fifth meridian time; for convenience the results are all given 
in Table XI for each hour of local mean time. 

Photographic and thermometric registers give the duration 
of that intensity of sunshine which suffices to make a record, 


-|and, therefore, they generally fail to record for a short time 


after sunrise and before sunset, because, even in a cloudless 
sky, the solar rays are then too feeble to affect the self- 
registers. If, therefore, such records are to be used for de- 
termining the amount of cloudiness, they must be supple- 
mented by special observations of the sky near the sun at 
these times. The duration of clear sky thus specially de- 
termined constitutes the so-called twilight correction (more 
properly a low-sun correction), and when this has beén ap- 
plied, as has been done in preparing Table XI, there results 
a complete record of the clearness of the sky from sunrise to 
sunset in the neighborhood of the sun. The twilight 
correction is not needed when the self-registers are used for 
ascertaining the duration of a special intensity of sunshine, 
but is necessary when the duration of cloudiness is alone de- 
sired, as is usually the case. 

The average cloudiness of the whole sky is determined by 
numerous personal observations at all stations during the 
daytime, and is given in the column “average cloudiness” in 
Table I; its complement, or percentage of clear sky, is given 
in the last column of Table XI. 


COMPARISON OF DURATIONS AND AREAS. 


The sunshine registers give the durations of effective sunshine 
whence the duration relative to possible sunshine is derived ; 
the observer’s personal estimates give the percentage of area 
of clear sky. These numbers have no necessary relation to 
each other, since stationary banks of clouds may obscure the 
sun without covering the sky, but when all clouds have a 
steady motion past the sun and are uniformly scattered over 
the sky, the percentages of duration and of area agree closely. 
For the sake of comparison, these percentages have been 
brought together, side by side, in the following table, from 
which it appears that, in general, the instrumental records of 
percentages of durations of sunshine are almostalways larger 
than the observers’ personal estimates of roy ss of area of 
clear sky; the average excess for April, 1896, is 5 per cent 
for photographic and 14 per cent for thermometric records. 
The details are shown in the following table, in which the 
stations are arranged according to the greatest possible dura- 
tion of sunshine, and not according to the observed duration 
as heretofore. 


| | 
| 
| 
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Difference between instrumental and personal observations of sunshine. 


g a 4 Instrumental record 
of sunshine 
28 
Stations. | Bg 2 
83 
= = 
Bismarck, N. Dak..... BB) + 4 
Portland, Oreg.* P.| 407.0) 87 | 80) — 
Northfield, Vt P.| 406.6) 45) 
Portland, Me... T. | | 59 19 
Boston, Maas T.| GB/.....)...... 61 
P.| 40-2! OF | +14] @ 9 
Detroit, Mich. .... P.| 401.1 +4 62 10 
New York, N. P.| 390.4) 40) 56 +288) +8 
Colorado Springs. Colo P.| 308.6) 76 +17 
Philadelphia, Pa... T.| | 47 71| +24 
Cincinnati, O10 P.| 397.0) 36) BO 79 23 
Washington, D.C... P.| 307.0) GB + 8 
San Francisco, Cal......... P.| 306.2) 44) 84/ +416) 62 18 
Wilmington, N. P.| 391.6) 60) 84 6; 8 14 
San Diego, Cal... . P.| 390.5; 78) 1 
New Orleans, L&. P.| 387-4) 4) 44/+9/) +2 


* Records by both methods. + Records for only 21 days, for which the total possible 
duration of sunshine — hours. 


ATMOSPHERIC ELECTRICITY. 


Numerical statistics relative to auroras and thunderstorms 
are given in Table X, which shows the number of stations 
from which meteorological reports were received, and the 
number of such stations reporting thunderstorms (T) and 
auroras (A) in each State and on each day of the month, re- 
spectively. 

The dates on which reports of thunderstorms for the whole 
country were most numerous were: 17th, 269; 20th, 204 ; 24th, 
186; 28th, 196; 29th, 216. 

Thunderstorm reports were most numerous in Illinois, 178 ; 
lowa, 218; Minnesota, 204; Missouri, 249; Ohio, 279; Wis- 
consin, 180. 

Thunderstorms were most frequent in: Iowa, Missouri, Ne- 
braska, Wisconsin, 23 days; Michigan, 22; Minnesota, 20. 


Auroras.—The evenings on which bright moonlight must 


have interfered with observations of faint auroras are assumed 
to be the four preceding and following the date of full 


moon, viz, the Ist, and also from the 21st to the 30th, inclusive. 
On the remaining twenty days of this month 138 reports were: 
received, or an average of about 7 per day. The dates on 
which the number of reports emsecially exceeded this average 
were: 3d, 57; 4th, 44; 21st, 39. 

Auroras were reported by a large percentage of observers 
in: North Dakota, 89; Wisconsin, 57; Michigan, 38; Min- 
nesota, 43. 

Auroras were reported most frequently in: North Dakota, 
13 days; Michigan, 11; Wisconsin, 7; Minnesota, 6. 

CANADIAN REPORTS, 

Thunderstorms were reported as follows: 7th, Qu’Appelle; 
11th, Port Stanley, Winnipeg; 12th, Saugeen; 17th, Toronto, 
White River, Port Stanley, Parry Sound; 18th, Port Arthur, 
Charlottetown; 20th, Port Stanley; 22d, Qu’Appelle; 25th, - 


it Swift Current ; 27th, Qu’Appelle, Medicine Hat; 30th, Port 
Stanley. 


Auroras were reported as follows: 2d, Prince Albert; 3d, 
Rockliffe, Port Arthur, Medicine Hat, Prince Albert; 4th, 
Rockliffe, Toronto, Medicine Hat; 5th, Father Point, Port 
Arthur, Winnipeg, Minnedosa, Battleford; 7th, Port Arthur; 


8th, Father Point, Toronto; 9th, Father Point; 10th, Battle- 
ford; 11th, Quebec, Battleford; 12th, Battleford; 17th, Bat- 
tleford; 20th, Quebec; 21st, Charlottetown, Father Point, 
Toronto, Minnedosa, Medicine Hat, Battleford; 22d, Char- 
lottetown, Quebec, Toronto, Port Arthur; 23d, Father Point; 
ees 26th, Port Arthur; 28th, Quebec; 30th, Bat- 
tleford. 
INLAND NAVIGATION. 

The extreme and average stages of water in the rivers during 
the current month are given in Table VIII, from which it 
appears that a number of rivers attained the danger line, 
although the flood stages were of comparatively short dura- 
tion. The Tennessee reached its highest point at Chatta- 
nooga on the 5th and at Johnsonville on the 12th; the Cum- 
berland was highest at Burnside on the 2d and at Nashville 
on the 7th; the Ohio was highest at Cincinnati on the 4th. 
As a result of these and other high waters, the Mississippi 
was highest at Helena on the 17th and at New Orleans on 
the 23d. 1 
METEOROLOGY AND MAGNETISM. 

By Prof. Frank H. 


For a description of the methods of constructing the tables 
and curves of Chart V,seethe WeatHer Review for October, 
1895, and January, 1896. The numbers in the columns H. 
and D. are added respectively to the mean values for Wash- 
ington and Toronto, 1.e., H=0.18250; D=180.'0. The values 
of the vertical forces are omitted, as well as dz, s and 2, which 
depend upon it. Stagnant eastward circulation continued 
during April, and summer continental conditions, with high 
areas on the coast and a low area in the central valleys pre- 
vailed. From the 11th to the 14th the Atlantic high was ab- 
normally warm, causing an excess over the seasonal temper- 
ature. The solar magnetic type was inverse during the month. 


CLIMATE AND CROP SERVICE. 


By James Berar, Chief of Climate and Crop Service Division. 


The following extracts relating to the general weather con- 
ditions in the several States and Territories are taken from 
the monthly reports of the respective services. 

Snowfall and rainfall are expressed in inches. 

Alabama,—The mean temperature was 68.3°, or 4.8° above normal; 
the highest was 94°, at Tuscaloosa on the 23d and 26th, and at Pine- 
apple on the 24th, and the lowest, 30°, at Healing Springs, Pineap le, and 

alleyhead on 3d. The average precipitation was 3.75, or 1. P below 
normal; the greatest monthly amount, 11.30, occurred at 


(of which amount 7.40 fell on the night of the 13th), and the least, 1.24 
at Sturdevant. 

Arizona.—The mean temperature was 60.3°, or 0.7° above normal; the 
highest was 97°, at Maricopa on the 27th, and the lowest, 8°, at Flag- 
staff on the 18th. The average precipitation was 0.21, or 0.27 less than 
normal; the greatest monthly amount was 3.00, at Pantano; no precipi- 
tation occurred at several stations. 

Arkansas.—The mean temperature was 65.2°, or 2.4° above normal ; 


the highest was 94°, at Warren on the 26th, and the lowest, 24°, at 
Keesees Ferry on the 2d and 3d. The average precipitation was 3.65, 


E 
* 
~ 
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or 1.15 below normal; the greatest monthly amount, 9.36, occurred at 
Forrest City, and the least, 0.46, at Fort Smith. 

California.—The mean temperature was 52.8°, or 4.9° below normal; 
the highest was 1.00°, at Volcano Springs on the 29th, and the lowest, 
zero, at Bodie on the Ist. The average precipitation was 4.40, or 2.04 
above normal; the ae peed monthly amount, 18.45, occurred at Bow- 
mans Dam, in the high mountain region; at a number of stations no 
occurred, 

Colorado.—The month was warmer than usual. The highest tem 
erature observed was 90°, at Lamar on the 26th, and the lowest, 16° 
below zero, at Breckenridge on the Ist and 2d. The precipitation was 
unevenly distributed, the greater portion of the State receiving less 
than half the normal amount, while over portions of the Divide and 
the counties on the eastern border more than the usual amount fell. 
The greatest monthly amount, 8,20, was reported from Stamford, while 
none occurred at Gunnison. 

ida.—The mean temperature was 71.0°, or about normal; the 
highest was 98°, at McClenny on the 25th, and the lowest, 36°, at Fort 
Meade, on the 3d, and at Lake Butler on the 5th. The average pre- 
cipitation was 0.50, or nearly 2.00 below normal; the greatest monthly 
amount, 3.53, occurred at Milton, and many stations had only a “trace” 
or none at all. The month was one of the driest on record. 

Georgia.—The mean temperature was 67.8°, or about 4.0° above nor- 
mal; the highest was 96°, at Americus on the 24th, and the lowest, 29°, 
at Diamond on the 3d. The average precipitation was 1.77, or 1.89 be- 
low normal; the greatest monthly amount, 3.60, occurred at Marshall- 
ville, and the least, 0.25, at Fleming. 

Idaho.—The mean temperature was 40.8°; the highest was 80°, at 
Payette on the 5th, and the lowest, 10° below zero, at Lake on the Ist. 
The average precipitation was 1.68; the greatest monthly amount, 4.81, 
occurred at Atlanta, and the least, 0.27, at Burnside. 

Ilinois.—The mean temperature was 59.0°, or 7.2° above normal; the 
highest was 95°, at New Burnside onthe 15th, and the lowest, 13°, at 
Kishwaukee on the 2d. The average precipitation was 2.96, or 0.59 be- 
low normal; the greatest monthly amount, 6.81, occurred at Chemung, 
and the least, 1.07, at Palestine. : 

Indiana.—The mean temperature was 58.8°, or 5.9° above normal; 
the highest temperature was 93°, at Vincennes on the 29th, and the 
lowest, 13°, at South Bend on the 2d. This was the warmest April on 
record. The average precipitation was 1.81, or 1.69 below normal; the 
greatest monthly amount, 5.91, occurred at Angola, and the least, 
“trace’’ at Bloomington. 

Jowa.—The mean temperature was 54.5°, or 5.5° above normal; the 
highest was 94°, at Cedar Rapids on the 15th and 16th, and the lowest, 
10°, at Marshalltown and Rock Rapids on the Ist. It was the warmest 
April ever known in this State. e average precipitation was 5.02, or 
2.42 above the normal; the greatest amount, 9.67, occurred at Cedar 
Falls, and the least, 2.35, at Keokuk. 

Kansas.—The mean temperature was 60.6°, or 4.8° above normal; the 
highest was 97°, at Hays City on the 18th, and the lowest, 8°, at Colb 
on the 2d. It was the warmest April on record. The average precipi- 
tation was 3.84, or 1.41 above normal; the greatest monthly amount, 
7.77, occurred at Russell, and the least, 102, at Coolidge. 

Kentucky—The mean temperature was 63.6°, or 6.8° above normal; the 
highest was 96°, at Louisa on the 17th, and at Sandyhook on the 
18th, and the lowest, 24°, at Leitchfield and Sandyhook on the 4th. 
The average precipitation was 1.65, or 2.71 below normal; the greatest 
monthly amount, 6.82, occurred at Sandyhook (5.15 of which amount 
fell on the 2d and 3d); the least, 0.13, was reported from Pleasure 
Ridge Park. Several observers report that this was the driest April 
“within the memory of the oldest inhabitant.” 

Louisiana—The mean temperature was 70.2°, or 1.3° above normal; the 
highest was 92°, at Davis on 24th, and at Liberty Hill on the 30th, and 
the lowest, 30°, at Davis on the 3d. The average precipitation was 3.59, 
or 0.42 below normal; the greatest monthly amount, 8.75, occurred at 
New Iberia, and the least, 0.50, at Napoleonville. 

Maryland.—The mean temperature was 55.7°, or 4.1° above normal; 
the highest was 99°, at Millsboro, Del., on the 19th, and the lowest, 
. 12°, at Deer Park on the 8th. The average precipitation was 1.42, or 
2.29 below normal; the greatest monthly amount, 2.98, occurred at 
Grantsville, and the least, 0.49, at Great Falls. 

Michigan.—The mean temperature was 48.7°, or 5.2° above normal; 
the highest mean for April during the past ten years. The highest 
temperature recorded was 92°, at Berlin on the 17th, and the lowest, 7° 
below zero, at Iron River on the 2d. The average precipitation was 
2.99, or 0.75 above the normal; the greatest monthly amount, 5.10, oc- 
curred at Rockland, and the least, 1.25, at Hayes. 

Minnesota.—The mean temperature was 44.5°; the highest was 84°, at 
Wabash on the 15th, and the lowest, 22° below zero, at Grande Portage 
on the Ist. The average precipitation was 5.91; the greatest monthly 
omeet, 10.30, occurred at New London, and the least, 1.93, at Belle- 
plaine. 

Mississippi.—The mean temperature was 69.7°, or 5,0° above normal; 
the highest was 96°, at R ale on the 27th, and the lowest, 31°, at 
French Camp on the 3d. The average precipitation was 40.3, or 2.40 
below normal; the atest monthly amount was 10.64, at Williams- 
burg, and the least, 1.15, at Biloxi. 
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Missouri.—The mean temperature was 61.8°, or 6.8° above normal; 
the highest was 92°, at Oregon on the 15th, and the lowest, 17°, at 
Bethany on the 3d. It was the warmest April on record. The aver- 
age precipitation was 3.54, or 0.22 below normal; the greatest monthly 
amount, Px0, occurred at Shelbina, and the least, 1.11, at Tindall. 

Montana.—The mean temperature was 40,0°, or about 3.0° below nor- 
mal; the highest was 90°, at Billings on the 27th, and the lowest, 9° be- 
low zero, at Lewistown on the 16th. The average precipitation was 
1.45, or 0.32 below normal; the greatest monthly amount, 5.02, occurred 
at Fort Custer, and the least, 0.02, at Utica. 

Nebraska.—The mean temperature was 51.9°, or 2.9° above normal; 
the highest was 96°, at Wilber on the 26th, and the lowest, 4° below zero, 
at Alliance onthe 2d. The average precipitation was 4.82, or 2.42 above 
normal; the greatest monthly amount, 11.22, occurred at York, and the 
least, 0.65, at Fort Robinson. 

Nevada,—The mean temperature was 41.7°, or 4.8° below normal; the 
highest was 89°, at St. Thomas on the 8th, and the lowest, 9° below 
zero, at Stofiel on the lst. The average precipitation was 1.00, or 0.22 
above the normal; the greatest monthly amount, 3.99, occurred at Lew- 
ers Ranch, and the least, “‘trace,’’ at Los Vegas. 

New England.—The mean temperature was 45.8°, or 2.2° above nor- 
mal; the highest was 97° at Hadley, Mass., on the 17th, and the lowest, 
6°, at Kineo, Me., on the 8th. The average precipitation was 1.31, or 
1.69 below the normal; the greatest month y amount, 2.66, occurred at 
West Milan, N. H., and the least, 0.28, at Chelsea, Vt. 

New Jersey.—The mean temperature was 52.4°, or 4.5° above normal; 
the highest was 98°, at Paterson, Millville, and Barnegat on the 18th, 
and the lowest, 12°, at Gillette on the 3d. The average precipitation 
was 1.35, or 2.12 below normal; the greatest monthly amount, 2.30, oc- 
curred at Elizabeth, and the least, 0.64 at Dover. 

New Mexico.—The mean temperature was slightly below normal; the 
highest was 94°, at Roswell on the 22d, and the lowest, 6° below zero, 
at Labelle onthe Ist. The precipitation was about normal; the greatest 
monthly amount, 2.68, occurred at Clayton; no precipitation occurred 
at several stations. 

North Carolina.—The mean temperature was 62.3°, or 4.4° above nor- 
mal; the highest was 98°, at Henderson and Salem on the 18th, and 
the lowest, 21°, at Highlands on the 3d, and at Linville on the 8th. 
The average precipitation was 1.99, or 1.79 below normal; the greatest 
monthly amount, 4.80, occurred at Linville, and the least, 0.64, at Wil- 
mington. 

North Dakota.—The mean temperature was 40.1°, or 2.5° below nor- 
mal; the highest was 92°, at Medora on the 26th, and the lowest, 2°, at 
Dickinson on the 2d. The average precipitation was 4.37, or 2.65 above 
normal; the greatest monthly amount, 8.61, occurred at Sheyenne, and 
the least, 0.16, at Washburn. 

A severe tornado occurred at 5 o’clock, p. m., Sunday, April 26, in 
the western portion of Barnes County, the most destruction to property 
occurring near Hobart, and one person was injured at that place. The 
ke Eckelson and moved in a zig-zag 
course in a northeasterly direction, barns and a schoolhouse in its path 
being wrecked, and all of the buildings belonging to Nels Monson, a 
farmer, were destroyed. Monson was carried away with the house, 
and was afterward found inan unconscious condition, Iying in a slough 
about 50 yards from where the house had stood. is injuries con- 
sisted of bruises and a broken arm, but were not fatal. The storm ex- 
tended about 20 miles in length, and was only about 40 rods in width. 

Ohio.—The mean temperature was 56.9°, or 6.3° above normal, and 
was the warmest April on record; the highest was 103°, at’ Thurman on 
the 17th and the lowest, 15°, at Orangeville on the 3d, and at Auburn 
and Hillhouse on the 8th. The average precipitation was 3.78, or 0.16 
below normal; the greatest monthly amount, 6.87, occurred at Mont- 
pelier, and the least, 0.46, at Pomeroy. 

Sandusky, Seneca, Erie, Wayne, and Stark counties were visited 
about 3 p. m. on the 20th by a severe storm, resulting in consider- 
able damage, especially in or and Seneca counties; two lives 
were lost near Fremont, and fully a dozen people were injured 
near Fremont, Fostoria, and Alliance. The damage caused by the 
storm in Sandusky County is estimated at fully $100,000; and in Seneca 
County at about $10,000, averaging about $1, for the other counties 
referred to. Funnel-shaped clouds were observed near Fremont and 
Vickery at the time of the storm. Thunderstorms occurred B eererees 
over the State on the 20th, and hail fell in many places. e storm 
marked the close of ten days of extreme heat. 

Oklahoma.—The mean temperature was 66.1°; the highest was 99°, 
at Hennessey on the 26th, and the lowest, 20°, at Pondcreek on the 2d. 
The average precipitation was 1.49; the ——- monthly amount, 3.67, 
occurred at Woodward, and the least, 0.69, at Clifton. 

Oregon.—The mean temperature was 45.5°, or 2.4° below normal; the 
highest was 72°, at The Dalles on the 20th, and at Pendleton on the 
24th, and the lowest, 10°, at Silver Lake on the 22d. The average pre- 
cipitation was 5.98, or 2.19 above normal; the —— monthly amount, 
18.27, occurred at Langlois, and the least, 0.52, at Newbridge. 

Pennsyloania.—The mean temperature was 53.0°, or 4.6° above nor- 
mal; the highest was 97°, at Carlisle on the 18th, and the lowest, 4°, 
at Saegerstown on the 5th. The average precipitation was 1.75, or 1.76 
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The characteristic features of April were its three distinctive periods 
of decided temperature conditions, which prevailed during the first, 
middle, and latter part of the month. From the Ist to the 12th the 
continued cold weather almost completely held in check all visible 
signs of growth in vegetation, and spring seemed to make no advance- 
ment. is period of cold was followed by one of ten days of torrid 
heat. During this pes growth was as marvelous as the unprece- 
dented heat. Cereals and grasses sprang up as if by magic, trees burst 
into leaf and blossom, and the face of nature was rapidly changed 
from its dress of winter to its garb of spring. This rapid growth was 
somewhat checked by the cool weather which followed and prevailed 
from the 22d to the end of the month. The season, which was back- 
ward at the beginning of April, was fully up to the average at its close. 
Numerous frosts were reported on the 23d, but they were not 

South Carolina.—The mean temperature was 66,9°, or 4.1° above nor- 
mal; the highest was 98°, at Gillisonville on the 17th, and the lowest, 
30°, at Santuc on the 9th. The average precipitation was 1.31, or 1.83 
below normal; the greatest monthly amount, 2.46, occurred at Mount 
Carmel, and the least, 0.19, at Yemassee. 

South Dakota.—The mean temperature was 47°, or about 3° above 
normal; the highest was 93°, at Faulkton on the 27th, and at Nowlin 
on the 26th, and the lowest, 4°, at Clark on the 2d, and at Wentworth 
on the Ist. The average precipitation was 4.85, or 2.50 above normal; 
the greatest monthly amount, 8.30, occurred at Webster, and the least, 
1.39, at Cross. 

Tennessee.—The mean temperature was 64.8, or more than 5.0° above 
normal; the highest was 98°, at Andersonville on the 25th, and the 
lowest, 25°, at Cookeville and Greenville on the 4th. The average pre- 
cipitation was 3.70, or about 0.50 below normal; the greatest monthly 
amount, 6.50, oecurred at Tullahoma, and the least, 1.70, at McKenzie. 


ery monthly amount, 3.39, occurred at Pitts- 
.20, at Honesdale. 


Texas.—The mean temperature was 1.2 above normal; the highest 


was 104°, at Fort Ringgold on the 29th, and the lowest, 15°, at Happy 
on the 2d. The average precipitation was 1.22 below normal; the 
greatest 6.14, occurred at Kerryille; there was no 
precipitation at Midland and Sierra Blanca. 

Utah.—The mean temperature was 41°; the highest was 87°, at Cisco 
on the 25th, and the lowest, 1° below zero, at Grover on the Ist. The 
average precipitation was 1.07; the greatest monthly amount, 3.83 
eee at Park City, and the least, ‘ e,” at Castlegate, Cisco, and 

tiles. 

Virginia.—The mean temperature was 58.6°; the highest was 100°, 
at Bonair on the 18th and 19th, and the lowest, 10°, at Guinea on the 
8th. The average precipitation was 1.61, which is decidedly below the 
normal; the greatest monthly amount, 3.71, occurred at Blacksburg, 
and the least, 0.41, at Alexandria. 

Washington.—The mean temperature was 45.1°, or 1.9° below normal; 
the highest was 80°, at Connell on the 25th, and the lowest, 12°, at Cas- 
cade Tunnel on the Ist and 3d. The average precipitation was 3.85, 
or 0.07 above normal; the greatest monthly amount, 9.91, occurred at 
Queets, and the least, 0.29, at Moxee. . 

West Virginia.—The mean temperature was 57.9°, or about 6.0° above 
normal; the highest was 95°, at Point Pleasant on the 18th, and the 
lowest, 12°, at White Sulphur Springs on the 8th. The average pre- 
cipitation was 2.06, or 1.30 below normal; the greatest monthly amount, 
4.35, occurred at Wheeling, and the least, 0.82, at Raleigh. 

Wisconsin.—The mean temperature was 46.0°, or 2.0° above normal; 
the highest was 87°, at Prairie du Chien on the 15th, and the lowest, 
7° below zero, at Spooner on the 5th. The average oe was 
5.02, or more than twice the normal; the greatest monthly amount, 
8.19. occurred at Viroqua, and the least, 1.18, at Crandon. 

Wyoming.—The mean temperature was 41.0°, or about 1.0° above 
normal; the highest was 84°, at Fort Laramie on the 27th, and the 
lowest, 2° below zero, at Wise on the 18th. The average precipitation 
was 1.63, or slightly below normal; the greatest monthly amount was 
3.53, at Laramie, and the least, 0.55, at Wheatland. 


SPECIAL CONTRIBUTIONS. 


RECENT PUBLICATIONS ON METEOROLOGY. 
By Dr. J. H. McCarry, Libraman Weather Bureau. 


In response to requests from several correspondents, the 
Chief of the Weather Bureau has directed that there be pub- 
lished regularly in this Review a list of recent publications 
bearing on meteorology and such other subjects as come within 
the field of study of the officials of the Weather Bureau. In 
this list of authors and titles the works that have been re- 
ceived by the Library of the Weather Bureau will take prece- 
dence, but other works whose titles are known will also be 
mentioned, although they have-not yet been received, in order 
that the correspondents of the Weather Bureau may thus re- 
ceive early notice of the year of works in which they 
are interested. It is to be understood, however, that those 
who wish to consult the works on meteorology received by | 
the Weather Bureau must do so in its own Library, where 
every convenience for study is afforded, as, in fact, is also 
the case in all the other scientific libraries in Washington. 


tina.—Boleteino del Instituto Argentino. Publicado 
bajo la direccion del Sr. Presidente del Instituto, Dr. Alejandro 
Sorondo. Tomo X VII—cuadernos 1,2,3. 119pp. 2maps. 8vo. 
Buenos Aires. 
Batavia. —-Observations made at the magnetical and met ical observa- 
at Batavia in the year 1894, with appendiz, Vol. XVII. Pub- 
lished by the Government of Netherlands in India. 233 pp. 14 by 
10. Batavia. 1895. 
Batavia.—Rainfall in the East India Archipelago. Sixteenth year 
1894. 421 pp. 8vo. Batavia. 1895. vo 
England.— Results of meteorological observations made at the Radcliffe Ob- 


servatory, Oxford, in the rs 1888-1889 under the superintendence of 
Edward James Storrs, F. Vol. XLV. 8vo. Oxford. 1896. 
England.—Burrough of Southport, Fernley Observatory. Meteorologi- 


cal Department. Reportand results of observations for the year 1895. 
Two appendices. Joseph Baxendal, Meteorologist to the Corpora- 
tion. 5l pp. 8vo. Southport. 1896. 

England.—Liverpool Observatory, Bidston, Birkenhead. Report of 
the Director of the Observatory to the Marine Committee and me- 
teorological results deduced from the observations taken in the 


-Hamburg.—Jahrbuch der Astronomie und Geoph 


year, 1 40 pp. 8vo. Liverpool. 1896 


MacDowell, Alex. B.— Weather and Disease. A curve history of their 
variations in recent years. 82 pp., with charts. Large 12mo. 
London, 1895. 

France.—Service hydrometrique du Bassin de la Seine.— Resume des 
observations centralisees ( Service Hydrometrique du Bassin de la 
Seine) pendant lV annee 1894. 56 pp. 8vo. Versailles. 1895. 

France.—Service hydrometrique du Bassin de la Seine. Observa- 
tions sur les cours d’eau et la centralisees pendant l’annee, 
1894. Mr. G. Lemoine et Mr. Babinet,ingenieurs. 7 feuilles folio. 
Versailles. 1895. 

y.—Annalen der Physik und Chemie. Neue Folge. Band. 
LVIII, No. 5. 205 pp. 8vo. Leipzig. 1896. 

Great Britain.—Oficial Year Book of the ge ger learned societies of 
Great Britain and Ireland. Comprising a list of the Bay read 
during the year 1895. Thirteenth annual issue. pp. 8vo. 
London, 1895 


- 


ysik enthaltend die wich- 
tigsten Fortschritte auf den Gebieten der Astrophysik, Meteorologie 
und physikalischen Erdkunde. Von Dr. Hermann J. Klein. vi 
Jahrgang. 1895. 5 Lichtdruck und Chromotafeln. 376 pp. 8vo. 

Leipzig. 1896. 
Hamburg.—Aus dem Archiv der Deutsche Seewarte. XVIII Jahr- 
gang. 1895. Herausgegeben von der Direction der Seewarte. No. 
.—Oberflachentemperatur und Stromungsverhaltnisse des Aequatorial- 
rtels des Stillen Oceans. Von Dr.Casar Puls. (See Met. Zeit. Heft. 
1896. hie.) No. 2.—Bericht und Gutachten uber der 
Versuche bezuglic Abblendung der Schiffs-Seiten lichter. Ausge-~ 
fuhrt im Sommer, 1895, auf Anordnung des Reichs Marine amtes, 
von der Direktion der Deutschen Seewarte. Mit einer Kurven- 
Tafel. No. 3.—Vergleichende Regenmessungen an der Deutschen See- 
warte. Von Prof. Dr. W. J. Van Bebber. Mit 1 lithograph Tafel. 
No. 4.—Der Isobarentypen des Nord atlantischen Ozeans und West- 
europas, ihre Beziehungen zur Isage and Bewegung der barome- 
trischen Max. und Min. Prof. Dr. W. J. Van Bebber und Prof. Dr. 
W. Koeppen. Mit 23 lithog. Karten. No. 1, 38 pp.; No. 2, 28 pp.; 

No. 3, 14 pp.; No. 4, 27 pp. 4to. Hamburg. 1895, 

Holland.—Rotterdam. A magnetic survey of the Netherlands for the 
epoch January 1, 1891. By Dr. Van Rijckevorsel. Part 1, The 
tions; Part2, The disturbances, 103 pp. 10 maps. 4to. Rot- 

terdam. 1895. 
India.—Madras Observatory. Daily meteorological means. By C. Michin 
Smith, Government Astronomer. Includes mean hourly barometric 
ee from daily means for 20 years. 14 pp. 4to. Madras. 
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nfurt.— Diagramme der netischen und meteorologischen Beobach- 
tungen eu Klagenfurt. Von Ferdinand Seeland. itterungsjahr, 
1894. December, 1893-November, 1894. 7 charts. 4to. 
Lisbon.—Annaes do Observatorio do Infante D. Luiz, Trigesimo. Seti- 
mo Anno. 1891. Vol. XXIX. 139 pp. Fol. Lisbon. 
The same. Octavo Anno. 1892. VoL XXX. 139 pp. Fol. Lis- 


bon. 

Mexico.— Boletin mensual meteorologico y agricola del Observatorio Central 
del estado de Vera Cruz Llave. Spp. 4to. Xalapa-Enriquez. 1896. 

Netherlands.— Archives Neerlandaises des sciences exactes et naturelles. 
Tome XXX. Ire. livraison. Soc. Holland. d. Sciences. J. 
Bosscha, Secr. 99 pp. 8vo. Harlem, 1896. 

Nova Scotia. —Proceedings and transactions of the Nova Scotian In- 
stitute of Science. Sessions of 1894-95. Vol. IX being Vol. II of 
the second series. Part I. 6plates. 100pp. S8vo. Halifax, 1896. 

Roumania.—L’Institut Meteorologique. Annales del’ Institut Meteoro- 
logique de Roumanie pour Vannee 1894. Par StefanC. Hepites. Tome 
X. In parts. 4to. Bucarest et Paris. 1895. 

Russia.—Expedition der Kaiserlich. Russischen Geographischen 
Gesellschaft. Beobachtungen der Russischen Polarstation an der Lena- 
mundung. 1 Theil: Astronomische und magnetische Beobachtungen, 
1882-84. Bearbeitet von V. Fuss, F. Mueller, und N. oe 
Herausg. unter Redaction von Dr. A. von Tillo. Portraits. Russ. 
and German text. 4to. 1895. 

Saxony.—Bericht iiber die Thatigkeit im Konigl. Sachsischen meteorolo- 

ischen Institut fiir das Jahr 1894._ Mit 6 Anhangen und 4 Tafeln. 
II Jahrg. 2te Halfte. Prof. Dr. Paul Schreiber, Director. 81 
. 4Tafeln. 4to. Chemnitz. 1895. 

South Africa.—Colony of Natal. Annual report of the Superintendent 
of the Natal Observatory for the year 1894-95. 41 pp. Fol. Pieter- 
maritzburg. 1896. 

United States of America.—Proceedings of the American Associa- 
tion for the Advancement of Science.—Forty-fourth meeting held at 
Springfield, Mass., August-September, 1895. Pages CXIX, 414. 8vo. 
Salem, Mass. 1896. 

California.—Report of work of the Agricultural Experiment Stations of 
the monger be! alifornia for the year 1894-95, beenga part of the 
Reports of Regents of the University. EF. W. Hilgard, Director. 
Illustrated. 481 pp. 8vo. Sacramento. 1896. 

Hyde, G. A.—Voluntary Observer U. 8S. Weather Bureau. Fort 
years of weather at Cleveland, Ohio. 33 pp. 8vo. Cleveland. 
18 


96. 

Maryland.— The climatology and physical features of Maryland. Second 
biennial Report of the Maryland State Weather Services for the 
years 1894, 1895. 110 pp. 5 maps. Baltimore. 1895. 

Noyes, Isaac P.— Phenomenal heat of 1896. Reprint from Providence 
(R. I.) Journal of May 10, 1896. 4 pp. 8vo. Washington. 1896. 

Yale University.—Astronomical Observatory. Researches with the 
Heliometer. Triangulation of the principal stars of the cluster in 
Coma Berenices. By Fred. L. Chase, Assistant Astronomer. Vol. 
I. Pt. V. Pages. 213-254. 4to. New Haven. 

Bureau of American Republics.—Monthly Bulletin, Vol. III. 
No. 11. Brazil.—Minerals and mining industries, Costa Rica.— 
Sugar industry. Guatemala.—Tarif/ changes in English and 
Spanish. Mexico.—Trade of Vera Cruz. Amendment to the 
Constitution abolishing Inter-State duties. Pages 613-680. Sup- 
plement. 8vo. Washington, D.C. 1896. 


KITE EXPERIMENTS AT THE WEATHER BUREAU. 
By C. F. Marvin, Professor of Meteorology, U.S. Weather Bureau (dated July, 1896). 


In November, 1895, the present writer was directed by Prof. 
Willis L. Moore, the Chief of the Weather Bureau, to consider 
the subject of devising kites and auxiliary apparatus for the 
meteorological exploration of the upper air. The definite ob- 
ject was to attain a height of at least 1 mile and, if possible, 
10,000 feet or more, and to bring down continuous records 
of temperature, moisture, pressure,and wind. A considerable 
acquaintance with the present state of the art of making and 
flying kites showed that both the form of the body of the 
kite and the analysis of the action of the forces that affected 
it demanded fuller consideration than had hitherto been given. 
In view of the rapidly increasing interest in this subject it 
seems proper to lay before the cooperating observers of the 
the Weather Bureau the results that have been attained dur- 
ing the past few months, in order that those interested in 
the subject may in conducting their own experiments, profit 
by our experience. 

With the advance of the science of meteorology, and es- 
pecially with the progress in the development of the funda- 
mental laws governing atmospheric phenomena, a growing 
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need arises for accurate knowledge of the conditions of the 
atmosphere with respect to its motion, temperature, pressure, 
moisture, etc., not only near the surface of the earth but par- 
ticularly in the higher strata, where the forces in action have 
full scope and their effects are unmodified by such disturbing 
influences as exist near the surface. 

Meteorological stations have been maintained on lofty 
mountain summits, in order to procure the desired informa- 
tion, and many perilous balloon voyages have been made with 
the express object of making accurate measurements of the 
atmospheric conditions at all elevations. Some use has been 
made of captive balloons, and within a few years remarkable 
results have been obtained in Europe by the use of free bal- 
loons of small size equipped with automatic instruments. 
Having no load of ballast to carry, these balloons when set 
free shoot upward with great velocity and attain very lofty 
elevations, whereupon, losing all effective lifting force by 
reason of the expansion and overflow of gas incident to th 
great diminution of pressure in the rarified strata of air, the 
partially inflated bag falls to the earth after a comparatively 
short journey. A notice attached to the balloon gives instruc- 
tions respecting its disposition, and the-finder receives a small 
reward for its safe return. 

It appears, however, that even before balloons were in- 
vented, Dr. Alexander Wilson of Glasgow employed tan- 
dems of kites “to explore the temperature of the atmos- 
phere in the higher regions.” I am-indebted to Professor 
Abbe for the following extract' giving an account of Dr. Wil- 
son’s experiments, which, owing to their early date and com- 
plete and interesting character, deserve special mention : 


Among the more advanced students, who, in the years 1748 and 1749 
attended the lectures on Divinity in the University, was Mr. Thomas 
Melvill, so well known by his mathematical talents, and by those fine 
specimens of genius which are to be found in his posthumous papers, 
published in the second volume of the Edinburg Essays, Physical 
and Literary. With this young person Mr. Wilson then lived in the 
closest intimacy Of several philosophical schemes which occurred to 
them in their social hours, Mr. Wilson proposed one, which was to ex- 
plore the SS of the atmosphere in the higher regions, by 
raising a number of paper kites, one above another, upon the same 
line, with thermometers appended to those that were to be most ele- 
vated. Though they expected, in general, that kites thus connected 
might be raised to an unusual height, still they were somewhat uncer- 
tain how far the thing a succeed upon trial. But the thought 
being quite new to them, and the purpose to be gained of some impor- 
tance, they began to prepare for the experiment in the spring of 1749." 

Mr. Wilson’s house at Camlachie was the scene of all the little bustle 
which now became necessary, and both Mr. Melvill and he, alike dex- 
terous in the use of their hands, found much amusement in going 
through the preliminary work, till at last they finished half a dozen 
large paper kites, from 4 to 7 feet in height, upon the strongest, and 
at the same time upon the slightest construction the materials would 
admit of. They had also been careful in giving orders early for a very 
considerable quantity of line, to be spun of such different sizes and 
strength, as they judged would best answer their purpose; so that one 
fine day, about the middle of July, when favored by a gentle, stead 
breeze, they brought out their whole apparatus into an adjoining field, 
amidst a numerous company, consisting of their friends and others, 
pepe the rumor of this new and ingenious project had drawn from 
the town. 

They began with raising the smallest kite, which being exactly, bal- 
anced, soon mounted steadily to its utmost limit, carrying up a line, 
very slender, but of strength sufficient to command it. Inthe mean- 
time the second kite was made ready. Two assistants supported it 


' Extract from Biographical account of Alexander Wilson, M. D., late 
Professor of Practical Astronomy in Glasgow, by the late Patrick 
Wilson, A. M., Professor of Practical pr svogge | in the University of 
Glasgow. Transactions of the Royal Society of Edinburgh, Vol. X, 
Part II, pp. 279-297. 1825. 

This memoir of Dr. Wilson, after esp read at the Royal pr eaeas 
February 2, 1789, was withdrawn by its author for the.purpose of mak- 
ing some alterations upon it, and was never returned for publication. 
It was found, however, among the papers of Mr. Patrick Wilson, and 
is now printed with the consent of his family. 

? As no public notice has hitherto been taken of this matter, though 
Mr. Wilson had always some thoughts of doing so, it is hoped that the 
following detail will not prove unacceptable or tedious to the reader. 
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between them in a sloping direction with its breast to the wind and 
with its tail laid out evenly 
oon holding part of its line tight in his hand, s at a good dis- 
nce directly in front. Things being so ordered, the extremity of the 
line belonging to the kite already in the air was hooked to a loop at 
the back of the second, which being now let go, mounted very superbly 
and in a little time also took up as much line as could be supported 
with advantage, thereby allowing its companion to soar to an elevation 
proportionally higher. 
pon launching these kites according to the method which had been 
projected, and affording them abundance of proper line, the uppermost 
one ascended to an amazing height, disappearing at times among the 
white summer clouds, whilst all the rest, in a series, formed with it in 
the air below such a lofty scale, and that, too, affected by such regular 
and conspiring motions as at once — a boyish pastime into a 
Png which greatly interested every beholder. The pressure of 
the breeze upon so many surfaces communicating with one another 
was found too powerful for a single person to withstand when con- 
tending with the undermost strong line, and it became, therefore, nec- 
essary to keep the mastery over the kites by other means. 

This species of wrial machinery answering so well, Mr. Wilson and 
Mr. Melvill employed it several times during that and the following 
summer in pursuing those atmospherical experiments for which the 
kites had been originally intended. To obtain the information they 
wanted, they contrived that thermometers, properly secured, and hav- 
ing bushy tassels-of paper tied to them, should be let fall at stated 
periods from some of the higher kites, which was accomplished by the 
gradual singeing of a match-line. 

When engaged in these experiments, though now and then they 
communica immediately with the clouds, yet, as this happened 
always in fine weather, no symptoms whatever of an electrical nature 
came under their observation. The sublime analysis of the thunder- 
bolt, and of the electricity of the atmosphere, lay yet entirely undis- 
covered, and was réserved two years longer for the ity of the cele- 
brated Dr. Franklin. In a letter from Mr. Melvill to Mr. Wilson, 
dated at Geneva, 2ist of April, 1753, we find, among other particulars, 
his curiosity highly excited by the fame of the Philadelphian experi- 
ment, and a great ardour expressed for prosecuting such researches by 
the advantage of their combined kites. But, in the December follow- 
ing, this beloved companion of Mr. Wilson was removed by death, to 
oe vast loss of science, and to the unspeakable regret of all who knew 
him. 

The limits of the present article preclude giving anything 
like a full historical notice of the use of kites for scientific 
purposes or for securing observations of the meteorological 
conditions of the upper air. A few references only will be 
given if with no other object than simply to show that the 
application of kites to practical, useful purposes is by no 
means a novel idea of the last few years, as some appear to 
think. Mr.W.R. Birt’ on the 14th of September, 1847, flew a 
specially constructed kite at the Kew Observatory, in order 
to test and demonstrate its usefulness in obtaining measures 
of temperature, humidity, wind velocity, ete. The kite was 
caused to assume a more fixed position in the air by restrain- 
ing it by means of three strings secured to the ground at the 
three corners of a comparatively large equilateral triangle. 

Adiniral Bach,’ when in command of the Terror, used a kite 
to obtain the temperature of the upper air in Hudson Strait. 

Espy, in his Philosophy of Storms, p. 167, states that 
“The Franklin Kite Club, at Philadelphia, have lately dis- 
covered* that in those days, when columnar clouds form 
rapidly and numerously, their kite was frequently carried 
upward nearly perpendicularly by columns of ascending 
air.” The existence, for brief periods, of strongly ascending 
currents of air has also been repeatedly noticed in the 
Weather Bureau experiments. 

E. Douglas Archibald‘ in England advocated the use of 
“A kite, or a series of kites flown tandem, that is, one above 
the other” for showing the direction of air currents, and for 
attaching thermometers, anemometers, etc., so that the con- 
dition of the air in the upper currents could be determined. 

Experiments of this character were first regularly begun 
by Archibald® in November, 1883; the particular object in 

*Phil. Mag., Vol. XX XT, 1847, p. 191. 

* Quart. Journal, Met’! Soc., Vol. IX, 1883, p. 63. 

about 1837. 


— ournal, Met’! Soc., Vol. IX, 1883, p. 63. 
* Nature, Vol. XX XI, 1884-1885, p. 66. 


upon the ground behind, whilst a third. 


view being to ascertain the increase of wind velocity with ele- 
vation, Biram’s anemometers being attached to the kite string 
for this purpose. The kites were diamond shape, with tails, 
and were flown tandem. Flax string was first employed, but 
acting upon the suggestion of Sir William Thomson, steel 
pianoforte wire was substituted, on which Archibald remarks: 

This I have found a great improvement on the string. It is double 
the strength, one-fourth the weight, one-tenth the section, and one- 
half the cost. 

A summary of the results obtained by Archibald will be 
found in Nature, Vol. XXXITI, 1885-86, p. 593. 

Archibald also devised and made some use of a captive kite 
balloon which hedescribed in Nature, Vol XXXVI, 1887, p. 
278. This combination was designed to obviate the detri- 
mental action of the wind on the balloon surfaces. As the 
balloon kite has often been proposed asof great utility it will 
be worth while to notice the results of Archibald’s tests. The 
balloon had a capacity of 113 cubic feet; the octagonal kite 
measured 7 by 9 feet. Twelve hundred feet of steel piano- 
forte wire was paid out. Wind at Greenwich 12 miles per 
hour. The angles of elevation were as follows: Balloon 
alone, 38°; wire near ground, 18°. Balloon with kite, 41.5°; 
wire near ground, 35°. 

It is observed the effect of the kite was to increase the an- 
gular elevation of the balloon 3.5°, but the angle itself was 
only 41.5°. Now, any good kite is easily capable of sustain- 
ing 1,200 feet of steel wire so that both the kite and the wire 
will have an angular elevation of at least 60° and 58°, re- 
spectively. It appears, therefore, that under favorable condi- 
tions the kite is able to help the balloon, but the balloon, on 
account of the large surface exposed to the wind, will only 
serve to drag down the kite to a much lower position than it 
would attain alone. If little or no wind blows the balloon 
alone is sufficient, and is only trammelled by the presence of 
a kite. 

In 1890 William A. Eddy, of Bayonne, N.J., “ began experi- 
ments to determine the relations between the width and 
length of the ordinary kite.” The object in view was “to 
evolve the best form of kite to be used in raising self-recording 
meteorological instruments to a great height, because many 
important problems.in meteorology would be affected by in- 
vestigations of the upper air currents.” Beginning with star 
and hexagon kites with tails, Mr. Eddy was led to the re- 
invention of the so-called Malay tailless kite, a form which 
within recent years has, perhaps, been more extensively used 
for scientific purpose than any other. 

The kite experiments made at Blue Hill under the direc- 
tion of Mr. A. Lawrence Rotch, have aimed particularly to 
secure observations of the atmospheric conditions at as high 
elevations as possible. The work appears to have begun in the 
fall of 1894. Kites of the Malay or Eddy type were used at 
first and other forms later. A number of actual records of 
the temperature, pressure, and moisture contents of the air, 
also of wind velocity, have been obtained at various eleva- 
tions up to something less than 4,000 feet, and the work 
reflects much credit opon the proprietor of the observatory 
and his assistants. 

Probably the most refnarkable modern inventor of kites is 
Mr. Lawrence Hargrave, of Sydney, N. 8. W., Australia. Mr. 
Hargrave contributed an important paper to the meeting 
of the Aeronautical Congress, held in Chicago at the time of 
the World’s Fair, 1893. In this paper were described models 
of flying machines and of the peculiar cellular kites which 
were afterwards greatly developed by the inventor and have 
since become widely known among kite experts. The de- 
scription of the Hargrave cellular kites, which appeared in 
the American Engineer for April, 1895, p. 193, has brought 
these kites to the attention of some of the experimenters in 
the United States. In an article entitled “A Weather Bu- 
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reau Kite,” in the Weatuer Review, for November, 1895, 
the writer credited Mr.S. A. Potter with being “ the first in the 
United States to successfully construct and fly kites of this 
kind.” The Aeronautical Annual for 1896, which did not 
reach the hands of the writer until after the article referred 
to had been written, contained accounts of successful experi- 
ments with the cellular kites by both Charles H. Lamson and 
J.B. Millet. The date of Mr. Lamson’s experiments is not 
given. The work of Mr. Millet was done during August and 
September, 1895. Experiments were also made at Blue Hill 
with cellular kites in August, 1895, which were described in the 
Boston Herald, August 19, 1895, and Springfield Republican, 
August 21, 1895. It does not seem that this type of kite was 
then regarded with much favor or that further experiments 
with this form were actively pushed. Mr. Eddy also tried the 
cellular kites, at first on September 1, 1893, and again in De- 
cember, 1895, but with unsuccessful results. He was finally 
successful in flying the kite independently for the first time 
on December 9, 1895. Mr. Potter’s work can therefore scarcely 
claim to be first in mere point of time, the results, however, 
were highly successful and promising and this type of kite 
at once superceded all other forms in the Weather Bureau 
work. 
The kite experiments at the Weather Bureau were first 
taken up by Mr. Alexander McAdie and Mr.5. A. Potter, only 
semiofficially, however. The work began early in November, 
1894, and was carried on wholly outside of office hours 
and in addition to other regular duties. Nevertheless, owing 
to the industry and skill of Mr. Potter a large number of 
kites, mostly of the Malay type, were flown successfully from 
time to time at Mr. Potter’s country residence. No methodi- 
cal record of the progress of the work appears to have been 
kept, nor were instrumental or other accurate observations 
made of the results attained. A small thermograph, con- 
structed mostly of aluminum, was purchased during the fol- 
lowing spring from Richard Bros., and records of air tempera- 
tures at elevations of a few hundred feet were obtained on 
several occasions during the ensuing summer. The thermo- 
graph proved to be imperfect and ill adapted to the work. 
On one occasion a tandem of eleven Malay kites was success- 
fully flown. A suitable reel for controlling the string with 
which the kites were flown was found indispensable, and a 
very convenient and efficient affair was devised by Mr. Potter. 
The work finally assumed the character of an official inves- 
tigation only in the fall of 1895. Prof. Willis L. Moore, as 
the new Chief of the Weather Bureau, at once recognized the 
great importance of extending the observations of the Weather 
Bureau into the upper atmosphere in order to advance the 
knowledge of storm generation and improve the daily fore- 
casts. Mr. McAdie being detailed for duty at the office in 
San Francisco, Prof. H. A. Hazen, with Mr. Potter’s assist- 
ance, was directed, on October 14th} 1895, to make experi- 
ments for the purpose of devising and perfecting an appli- 
ance that might be used in observing the meteorological con- 
ditions of the upper air. Subsequently, namely, November 
18, 1895, the writer was also directed by Professor Moore, in 
addition to his other duties, to investigate the problem of con- 
structing appliances for carrying meteorological instruments 
into the upper air. Professor Moore has himself proposed 
two different devices as being possibly of use in the solution 
of the problem in hand; namely, the combination of a kite 
and balloon, by which the desired observations can be ob- 
tained not only when the wind blows, but during calms or 
when the wind is too light to make the flying of kites alone 
successful, and a device constructed on the general plan of 
what we may call a soaring top. In fact, a toy of this charac- 
ter appears to have first suggested the idea to Professor Moore. 
The & Ameren of a thin metal or card-board disk, cut up into 
a number of equally distributed radial gashes extending nearly 


to the center. The surfaces are then twisted or bent so as to 
take an oblique position, screw propeller fashion, in reference 
to the general plane of the disk. In fact, the disk resembles 
very much a small fan wheel, such as is commonly seen on 
electric fans. At the center the disk is fitted with a small 
axle at right angles. A suitable holder is provided, and when 
the disk is given a high speed of rotation by the unwinding 
of a string from the axle, as in spinning a top, the disk lifts 
out of the holder and soars to a considerable height in the air. 
Such a device, on the proper scale, either started at high 
velocity from the earth, or carrying its motor with it, may 
possibly be made to accomplish the desired results. 

Professor Moore’s aim has been to reach higher altitudes 
than those which have been heretofore attained by ordinary 
kites. Special funds were not available for costly experi- 
ments with balloons or combination affairs; moreover, kites 
themselves not only on account of their slight cost but also 
because of their general effectiveness, seemed the most promis- 
ing subject for the first investigations. The effort has been 
therefore to develop the kite to the highest point of efficiency 
and ascertain to what extent it can be utilized in reaching ele- 
vations of from 1 to 2 miles or more. 

The work at the present time is still in an experimental 
stage as it were, but it is believed. enough has been accom- 
plished to justify publishing preliminary results in the hope 
that the progress already made in the Weather Bureau inves- 
tigations will stimulate to new efforts, and be helpful to the 
several private experimenters independently at work on the 
same problem, and if possible, therefore, hasten complete 
success. 

On scientific methods in kite investigations.—W hile the litera- 
ture on kites describes an almost endless variety of forms and 
shows some to have been employed in useful ways, that is, for 
drawing wagons, sleds in the Arctic regions, boats, etc., or for 
other purposes and for securing meteorological observations, 
of which latter use we have mentioned above a few cases 
only, yet no writer seems to have fully discussed the action of 
the kite from a scientific standpoint, or analyzed and ex- 
plained the physical and mechanical principles involved 
therein. Sir Isaac Newton is said to have taught the boys 
how to fly their kites, but if one desires to learn much about 
the mechanics of a kite in action, a search in kite and aero- 
nautical literature will prove fruitless, or nearly so; at least 
such has been the experience of the writer in the partial 
search that he has thus far been able to make. Some inves- 
tigators in recent times, while spending years of work with 
the avowed purpose of developing the kite for useful pur- 
poses, have either assumed the deplorable attitude of discred- 
iting the value of technical or so-called theoretical consider- 
ations as applied to kites,or have struggled on by cut-and-try 

rocesses in blissful ignorance of the real character of those 
oa of nature whose operation they seek to control. 

It is unfortunate, to say the least, that any investigator of 
kites of the present day, having the benefits of modern ad- 
vanced education, should entertain the scornful regard that 
seems to be current with some for the “theory ” of kite flying, 
especially when the history of applied science affords suc 
remarkable illustrations of the immense debt practice owes 
to science. There could be no greater mistake than to con- 
temptuously confound science with theory. No more strikin 
instance of the efficacy of scientific methods can be ci 
than to outline and contrast the growth of the steam en- 
gine and electric generators, motors, etc. Although Hero, 
120 years B. C., described crude forms of heat engines, steam 
engines did not begin to be really useful until about the 
middle of the 17th century. For nearly 200 years there- 
after the steam engine underwent a slow and tedious evolu- 
tion, improving but little in the hands of men ignorant of the 
laws of thermodynamics. In fact, those laws were quite un- 
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known. Towards the close of this period such men as Carnot, 
Joule, Clausius, Thomson, and others n to develop the 
principles of thermodynamics, and Rankine, less than forty 
years ago, with a master’s hand, applied these principles to 
the practical problems in steam engineering. From this 
point on the development was very rapid. What 200 years, 
yes, 2,000 years, counting from Hero, failed to make of the 
steam engine was effected in a score of years when science 
pointed the way. The steam engine came into existence and 
underwent its slow and tedious development by blind experi- 
mentation before the rationale of its action was known or 
understood. The reverse is the case with electric generators, 
motors, etc. All the principal elements of their theory had 
been fully developed before the devices were invented. The 
result is that almost the highest possible state of perfection 
of these inventions was attained ina few years. Notonly was 
the.theory already available but it was developed and applied 
at every point in theconstruction and operation of these won- 
derful machines. The world now stands amazed at the mar- 
velous rapidity of this growth. In the face of such facts as 
these, can anyone fail to perceive the importance and advan- 
tage of formulating the Rivaieat laws involved in the opera- 
tion of any of nature’s forces? Let us hope, therefore, that 
those who seek to develop and perfect the kite in order to 
apply it to useful purposes will help first to formulate the 
laws of all the actions involved. 

The construction and flying of kites on a large scale is purely 
and only an engineering problem. It is simply a question of 
stresses and strains, a question of the strength and resistance 
of materials, of the operation and equilibrium of certain 
well-defined forces. In fact, every element of the problem 
comes within the domain of ordinary mechanics and physics. 
Kites are amenable to development by the same engineering 
methods as those that have produced such wonderful results 
as the Forth Bridge, the Brooklyn Bridge, the Eiffel Tower, the 
Ferris Wheel, swift ocean steamers, those famous yachts May- 
flower, Vigilant, Puritan, Defender,and others. Now that it 
is desired to put kites to certain useful applications, it is 
urged upon those who seek to effect this development that 
they discard the primitive cut-and-try method and adopt 
modern engineering methods. The cut-and-try method is 
good in a certain sense; it is like nature’s method of “na- 
tural selection,” but its operation is exceedingly slow. If 
time enough is expended in constructing and testing all con- 
ceivable kinds of Kites, selecting the best, rejecting the infe- 
rior, it is possible that a kite may be evolved approaching the 
maximum possible efficiency, but the engineer has a short 
cut to this result. He analyzes the action of the kite in every 
detail; the efficiency of every element is studied separately. 
By these methods he is soon able to discover and lop off this 
or that useless member, to increase the efficiency of others 
and to introduce new members of peculiar and useful function. 

When kites are used for carrying strings or ropes to inac- 
cessible distant points, as from a stranded ship to the lee 
shore, or when used for transportation, as in pulling wagons, 
or towing boats, it is the object of the constructor to obtain 
the greatest possible tension or pull on the string, as held by 
the manipulator at the lowest end near the ground. But for 
meteorological use we need to have the greatest possible lift- 
ing power at the kiteend. We must, therefore, develop the 
vertical and diminish the horizontal component of the pull 
on the string. 

To be more specific, the kind of information needed, for ex- 
ample, is: (1) What is the relative lifting power in a given 
wind, square foot for square foot, of the sing)e-plane kites, as 
compared with the cellular kites? (2) In cellular kites, (a), 
how near can the lifting surfaces be to each other without 
detrimental interference? (b) How shorta distance may exist 
between the forward and after cell without the one impairing 


the effectiveness of the other? (c) What length, fore and aft, 
is the most effectual for the sustaining surfaces? (d) What 
is the most appropriate form and arrangement of the bridle, 
not only to secure the most satisfactory action of the kite 
under winds of variable force, but to likewise distribute the 
strain upon the framework so that lightness, but yet not cor- 
responding weakness of construction, may obtain? (3) In 
general, for any kite, what is the best angle of incidence? (4) 
What is the loss due to the pervious structure of the cloth, as 
compared with paper or balloon fabric, etc.? These are but a 
few of the elements of the kite problem that need to be sepa- 
rately studied and in respect to which the maximum possible 
useful effects need to be developed and rendered available to 
the kite builder. 

The writer has been led to make. these remarks because so 
little or none of this kind of work appears to be contemplated 
by the several experimenters now independently at work try- 
ing to render the kite useful for meteorological and other pur- 
poses. Moreover, the above considerations should convince 
one thata line of analysis seeking to develop all the elements 
of kite behavior and formulate their relations is the shortest 
path to the complete solution of the problem. 


THE WEATHER BUREAU WORK. 


A few remarks describing the management of kites will 
enable the reader, unfamiliar with what we may call modern 
scientific kite flying, to form an idea of how the work is car- 
ried on. Details of the forms and construction of the kites 
will be given later. The kites range in size from 6 to 10 feet 
high, and are, therefore, easily carried about by one person. 

The act of starting off or flying any of the larger kites is a 
very simple matter, especially when the wind is favorable 
and the kite a good flyer. With steady winds of about 15 
miles per hour, the kite when faced to the wind will gen- 
erally fly right up from -the hand, sailing away and up- 
ward at an angle of from 30° to 50°. It is necessary only to 
keep the string under some tension as it is paid out. When 
the wind is rather feeble, especially if very light at the sur- 
face, it will generally be necessary for an assistant to carry 
the kite off some distance to leeward; seven or eight hundred 
feet is often not too far. When a favorable puff of wind is 
felt the assistant tosses the kite upward into the air. At the 
same moment the string, if managed by a reel, is wound in 
with sufficient rapidity to cause the kite to fly until fully 
sustained by the wind. A reel for managing the string is 
quite indispensable for extensive experiments, but in its 
absence it may be necessary in starting the kite in light 
winds to walk briskly to windward. It is almost impossible 
to describe the means and artifices employed by the skillful 
operator in managing kites that fly badly, or in working a 
kite up through strata that have feeble, fitful motion into 
stronger, steadier currehts. Skill of this sort can be acquired 
only by experience. 

If any apparatus is to be carried it is generally tied to the 
string below the kite or kites after the latterare in good flight 
and produce a steady and sufficient strain on the string. 

The tension on the string varies greatly when only one kite 
is flying, owing to the tumultuous and ever changing charac- 
ter of the wind. These variations are very much less with two 
kites in tandem 200 or 300 feet apart. With a tandem of 
several kites the strain is naturally still more nearly constant. 

The manner of flying kites in tandem is also very simple. 
The kite to be added is first flown on an independent string. 
A length of from 100 to 150 feet is generally sufficient. The 
end of this is tied to the main kite line at the desired point. 
The kite takes care of itself as string is paid out, although in 
some cases from time to time during its subsequent flight 
it may foul partly and temporarily with the main line. 
If there are no points or projections on the second kite 


= > 
. 
4 
- 
j 
a . 


Apri, 1896. 


MONTHLY WEATHER REVIEW. 


117 


that can be permanently caught on the main line, then the 
fouled kite will generally soon free itself. It ought to ride 
above the main line except during momentary lulls of the 
wind, and often owing to its own lack of perfect symmetry 
and exact correspondence with other kites or to variations of 
the wind, it will continuously tend to fly to the right or left. 
Thus several causes are seen to conspire which tend to make 
the kite stand free of the main line. There is always, how- 
ever, in tandem flying, more or less wasted effort in the kites 
—— at variance with each other. This will be discussed 
ater. 

The work done at the Weather Bureau by Mr. Potter in 
flying kites prior to the beginning of the investigations by 
the writer, consisted principally of tests of the Malay or Eddy 
kite. Although this form of kite is well known a brief de- 
scription will remove any uncertainty respecting its construc- 
tion. The frame consists of two sticks of the dimensions 
shown in Fig. 1. Atthe point of crossing the sticks are lashed 
firmly together with waxed string. The cross stick A B is 
bowed backward by means of a string, as shown in the end 
view, Fig. 2. The depth of the arch is best made about ;'5 of 
the arc. . A strong cord, A C BD, is passed around the frame 
and securely fastened to the ends of the sticks, so as to produce 
a perfectly symmetrical figure. The woven wire cord used for 
hanging pictures, which will not stretch, is much better than 
any kind of string for this purpose. Paper, calico, cambric, 
or silk may be used for the covering, which is allowed to bag 
slightly in order to improve the stability of the kite. The 
bridle is formed of a piece of stout cord whose ends are tied, 
respectively, to the point on C D at which the sticks cross and 
toa point near theend, D. “The length of string should be such 
that when the bridle is drawn taut and laid over against the 
surface of the kite it will form the angle O B D, Fig. 1. 
The kite string is attached to the bridle by means of a 
weaver’s knot near the point B. The exact position for the 
best effect can be found only by trial. Mr. Potter sought to 
improve upon this form of kite by substituting for the bowed 
cross stick two sticks set so as to form a slight dihedral angle, 
the effect being to impart a greater degree of stability. With 
the object of providing a degree of flexibility to the wings of 
the kite for the purpose of easing off the strains due to gusts 
of wind, Mr. Potter tried connecting the two cross sticks of a 
dihedral angle kite by means of a spring. He also inserted 
a spring of rubber bands in the bridle at D, expecting thereby 
that the after part of the kite would tip up so as to partly 
spill the wind and ease off the strain of heavy gusts. These 
attempts to compensate for the gusty character of ordinary 
winds met with but indifferent success, doubtless owing to 
the difficulty not only of securing the proper proportions be- 
tween the strength of the springs and the surface of the kite, 
but of arranging that the spring should bend or elongate the 
right amount for a given variation of the total strain. To 
be effectual it is plain that springs forthe above-mentioned 
purpose must be nicely gauged for both the total strain they 
must sustain and the flexture or elongation per unit strain. 

Two sizes of cable-laid twine were used by Mr. Potter, namely, 
a heavy twine, ;'5 of an inch in diameter, weighing about 3.75 
pounds per 1,000 feet, and a lighter twine, 0.065 of an inch in 
diameter, weighing about 1.2 pounds per 1,000 feet. The cord 
was wound upon a large reel or flanged drum, about 18 inches 
in diameter. The box within which this drum.revolved was 
firmly bolted to a low table with circular top, but in such a 
fashion that the box could at any time be revolved in azimuth 
upon the table top, so as to bring the reel in the proper azi- 
muth according to the direction of the wind. The legs of the 
table were firmly anchored to the ground. (See further de- 
scription, page 121.) 

These appliances were installed at Mr. Potter’s country 
residence near Washington. The exposure was exceptionally 


free from obstructions and in many respects very favorable 
for kite experiments. 

When the writer began his investigations of the kite prob- 
lem in December, 1895, he therefore found much of the neces- 
sary apparatus in readiness, and he takes this opportunity to 
testify to Mr. Potter’s skill and experience, and his ability and 
ingenuity in designing and constructing kites. As will ap- 
pear in the following pages, Mr. Potter proposed and con- 
structed two or three modified forms of kites, each of which 
possessed more or less merit, and he had already been suc- 
cessful with the Hargrave kite. ; 

The foregoing brief account sets forth the principal fea- 
tures of the status of the kite work of the Weather Bureau 
at the time the writer was directed by Professor Moore to in- 
vestigate the probiem of securing meteorological observations 
in the upper air. What follows aims to set forth the progress 
made up to July 1, 1896, in developing the kite. 

As has already been said the construction and flying of 
kites on a large scale is purely and only an engineering prob- 
lem. It is simply a question of stresses and strains, the 
strength and resistance of materials; a question of the oper- 
ation and equilibrium of certain well-defined forces. These 
ideas have been constantly in mind in my efforts to improve 
and apply the kite to meteorological purposes. The results 
presen below aim to follow in some sort of logical se- 
quence. Naturally the actual chronological succession of the 
experiments was often illogical and the results fragmentary 
in character. 

The position a kite takes when poised in mid-air is the re- 
sult of a condition of equilibrium of five different and wholly 
independent forces: these are: (1) The pressure of the wind 
on the kite surfaces. In this I mean to include every wind 
force whatever, whether exerted upon the extended sustaining 
surfaces or upon the relatively small ends, sides, edges of the 
sticks and framework of the kite, the edges of the cloth, wire 
ties, ete. The skin friction of the wind gliding over the sur- 
faces, if considered, is to be included here also. The resolu- 
tion of this composite force into its several components and 
the analysis of their separate effects is a question in itself. 
(2) The attraction of gravity for the kite. (3) The tension 
of the string at the kite, that is the restraining pull of the 
line. (4) The attraction of gravity for the string. (5) The 
pressure of the wind against the string. 

Kite strings —Inasmuch as the first requisites for kite flying 
on any extended scale are a convenient reel and plenty of string 
or line of adequate strength and quality to hold the kites, it 
will be appropriate to first dispose of some exceedingly im- 
portant questions relating to the string. 

The pues of most importance in determining the fit- 
ness of a given material for kite strings are (1) strength, 
(2) weight, and (3) diameter of the cord, that is, the amount 
of surface exposed to the pressure of the wind. Generally 
this last factor—the action of the wind on the string—has 
been quite ignored or, what is worse, if considered, has been 
regarded as too small to be of “ef importance. Such is far 
from being the case, especially in lofty flights, in which case 
we must deal with thousands of feet of line. 

The size of string generally used in flying kites tandem 
measures at least one-tenth of an inch in diameter. The area 
of the longitudinal section of such a string equals a square 
foot of surface for each 120 feet of running length, that is to 
say, 44 square feet of surface to the mile. Even though the 
exterior surface of the string has a rounded form, yet the 
length we are obliged to deal with in a given case is so great, 
and a great portion of the string is set at so steep an angle 
across the direction of the wind, that we must not for a mo- 
ment assume that the wind pressure on all this surface is too 
small to be worth considering or that the string can escape 
being depressed toward the earth by the wind to a very con- 
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siderable extent. Every one perceives with the eye the very 
great effects that gravity is able to produce on a long piece of 
even very fine string, and we all know how great the tension 
must be to stretch a long piece of string until it is even ap- 
proximately straight. The actual disturbing force of gravity 
in operation in such cases is a very feeble one; much feebler, 
indeed, than the pressure the wind may exert on the same 
string. If one is skeptical of this statement let him try the 
following simple but crucial experiment: Take several feet 
of gilling thread, or similar fine string, such as would be used 
for flying small kites. Suspend this in a slack loop with the 
ends on about the same level. If no wind is blowing, the 
loop will hang in a vertical plane. If, however, the string be 
suspended where freely exposed to the wind and so that the 
loop hangs directly across the direction in which the wind 
blows, the loop will no longer hang in a vertical plane, but 
will be blown strongly to one side and assume a steeply- 
inclined position. In fact, with string as light and fine as 
gilling thread the loop will be blown out quite horizontally 
with only a gentle breeze. In this experiment the wind and 
the force of gravity are the only external forces, aside from 
the reactions at the fixed supports, which affect the position 
of the string. The wind acts horizontally, gravity acts verti- 
eally, and the loop of string takes an inclined position inter- 
mediate between the horizontal and vertical. If the two 
forces are equal, the plane of the loop will be inclined 45° to 
the horizontal. The observed fact that the string, in many 
cases, is forced by even moderate winds to a much higher 
angle than 45° is very significant. It means that the pressure 
of the wind on each elementary portion of the string is much 
greater than the weight of an equal portion of the string. 
The fact that the string in the loop is under very feeble ten- 
sion, whereas a kite string is under great tension, does not in 
the least alter the fact that the pressure of the wind on the 
string is equal to or greater than the attraction of gravity. 
Furthermore, the fact that the kite string hangs in the direc- 
tion of the wind, instead of across it, can not annul the effect 
of the wind, which in such a case is superimposed upon the 
effect due to gravity, and quite escapes detection by simple 
methods. In fact, the effect we observe with the eye is com- 
monly regarded as due to gravity alone, whereas it is really 
the effect of both gravity and the wind. The thoughtful in- 
vestigator will derive a valuable lesson from a few experi- 
- ments of the above-described sort with strings of different 
sizes. 

Enough has been said to show that in selecting a kite string 
the diameter of the string may be of even greater importance 
than its weight. 

The judicious selection of the kite string and the adoption 
of correct methods for uniting its different portions, or for 
attaching it to the kite, are im ible without a complete 
knowledge of the strength of the string itself, and of the 
knots, splices, and other junctions employed. 

The testing apparatus described below was hastily impro- 
vised for service in the Weather Bureau work, but proves so 
simple and useful that others may wish to make and employ 
a similar one in their own work. 

Two pieces of square steel, A, B, Fig. 3, driven through 
round holes in a flat bar of iron, convert the 4-foot bar 
into a powerful lever with the knife-edge at A for a fulcrum, 
and the edge at B for applying the force. The bent pieces of 
flat iron, C, D, form at once the stirrup for transmitting the 
strain from the knife-edge, B, and the jaws within which one 
end of the string or wire to be tested is grasped. The clamp- 
ing of the jaws 1s effected by means of a small independent 
steel screw-clamp. These latter may be procured from dealers 
in hardware or tools generally. The support for the lever is 
most conveniently made of a stick of wood of the form shown 
and adapted to be attached when required to the side of a 


bench in such a manner that the long arm of the lever passes 
ees | over the top of the bench. The knife-edge, A, is 
arran to be supported on suitable metal surfaces at the 
top of the stick. At about 24 inches below the end, B, of the 
lever, a projection is formed in the board. Two iron blocks, 
E, F, provided with steady-pins and a clamp, constitute the 
jaws for grasping the remaining end of a string or wire to be 
tested. The edge of the projection at @ has formed within 
it a narrow slot or rabbet through which the string may pass, 
while the plates, E, F,of the clamp abut against the lower face 
of the projection. This arrangement admits of testing speci- 
mens of considerable length. The necessary strain for break- 
ing a specimen is easily a by hanging any heavy 
weight upon the long arm of the lever. I have employed, for 
convenience, one of the Fairbank’s 50-pound standard weights. 
In order to graduate the lever-arm so as to indicate the strain 
on the specimen in pounds, a rude wooden scale-pan was sus- 
pended from the clamp, C D, into which was placed objects 
of known weight up to about 150 pounds, due iene being 
made for the pan. From the several positions of the sliding 
weight, when just balancing the known weights, the complete 
system of graduation for the lever is accurately determined. 
By this device strains of something like 350 pounds can be 
produced upon specimens to be tested. This is quite suffi- 
cient for kite work. Tests of the strength of strings, wires, 
knots, splices, etc., as given hereafter, were all determined by 
means of the device described above. 

To grasp a specimen so that it shall not slip nor yet be im- 
paired in strength, did not prove to be very difficult. The 
jaws of the clamps are comparatively smooth. To increase 
the holding of these they were occasionally rubbed with pow- 
dered resin. For testing hardened steel pianoforte wires it 
was necessary in addition to rub the ends of the wire itself 
with powdered resin, also to form a kink in the extreme ends 
of the wire and grasp the wire in such a manner that these 
kinks draw into the sharp angle formed by the slightly 
divergent jaws of the clamp at one end. With these expe- 
dients for grasping the wire excessive clamping was not nec- 
essary, and only occasionally would specimens break at the 
edge of or slightly within the jaws. 

The following table- contains information respecting the 
properties of materials that may be employed for kite strings : 


Tasie I.—Properties of materials for kite strings. 


co 
3 
2 | [333 
Kind of string or wire. 
338 
3 i sag 
Inch. | Lbs. Lbs. 
No. 122 filling 0. 082 0.25 30 0.38 
0.065 1.20 62 0.78 
0. 100 3.8 160 1.2 
006 66660060 cess 0.150 7.1 300 1.8 
Phosphor-bronze Wire 0. 028 2.5 80 0.34 
sess 0.0477 | *2.15 *48 0.57 


* Computed from general tables; not directly tested. 


Tests of silk strings of suitable size for kites would form a 
valuable addition to this table, but specimens were not avail- 
able. 

From the table we see that aluminum, which many mis- 
takenly regard as a uliarly useful metal for almost every 

urpose, is, in fact, the worst material of all for a kite string. 
t is not only very much heavier, but thicker and more easily 
broken than fine cable-laid twine. On the other hand steel 
pianoforte wire is by far the strongest for the same weight 
and the most slender of any of the materials tested. The 
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tendency of metallic wire of any kind to kink and give 
trouble on that account if employed for flying kites is by no 
means serious and the little extra pains required to prevent 
kinks and rusting, in the case of steel, is well repaid in the 
great superiority of steel in every particular. The writer 
at once substituted wire for string in December, 1895, and 
its admirable fitness for the purpose is abundantly confirmed 
by-extended experience. 

The steel piano wire selected for the Weather Bureau work 
measured about 0.028 of an inch in diameter. This is the 
size generally employed for deep-sea sounding purposes. In 
the use of wire a question of first importance is, how shall 
it be spliced? In my early work the wire was spliced ac- 
cording to the recommendations of authorities on deep- 
sea sounding. Disastrous results ensued from the parting of 
the wire in the splices. Thereupon a thorough investigation 
of the strength of splices was made by means of which a form 
of splice was evolved that it has been impossible to break. 
The single wire either side of the splice will always break 
first. Fig. 4 shows a common form of soldered splice, reecom- 
mended and used for splicing wire employed in deep-sea 
sounding. This is a bad form of splice and will, in almost 
every case, break in the middle and at a less strain than re- 
quired to break the wire. The only part of the splice that is 
at all effectual in resisting strain is the short intertwisted 
portion in the middle. Itis plain that throughout the whole 
portion, a,b, where one wire is coiled closely around the 
other which remains straight, practically the whole strain is 
carried, and necessarily must be almost wholly carried by the 
straight core wire. The solder of the splice can carry only a 
little of the strain. The coiled wire in the portion, a, d, is, 
therefore, so much wasted material. The mechanical prin- 
ciples involved in splicing a wire by twisting requires that 
each part be twisted around a. common axis. It is wrong to 
twist one part wholly around the other which remains 
straight. According to this principle the splice shown in 
Fig. 4 is evolved into the splice shown in Fig. 5 by dis- 
carding the portion a, b, and elongating the middle portion. 
Although not necessary for strength it will generally be 
well to take one turn of the wire around the main part at 
each end of the splice and taper down the point somewhat by 
filing. This will lessen the danger of damaging the splice in 
case it drags across the edge of the reel or some rough 
hard object, and the splice will perhaps pass more easily 
through the hand or through oily cloths which must some- 
times be employed to prevent rusting. In not a single case 
have soldered splices of this formation ranging from 2 to 
24 inches, extreme length, been broken. Fifteen specimen 
splices were tested. The wire outside of the splice was broken 
in every case at average strains of about 225 pounds. Mini- 
mum strength, 210 pounds; maximum strength, 235 pounds. 
The solder may be applied to the splice with an ordinary 
soldering iron, treating the splice first with soldering acid in 
the usual way. A better plan’ is to submerge the splice in a 
small quantity of molten solder contained ina shallow groove 
in a block of wood. By this method there is little danger 
of overheating the wire and impairing its temper. Those 
familiar with soldering need not be told that the completed 
splice must be thoroughly washed with clean or alkaline water 
so that every trace of the soldering acid is removed, otherwise 
excessive rusting of the wire will quickly ensue. Keeping the 
wire thoroughly coated with a film of oil has thus far been 
sufficient to prevent rusting. The wire has, however, never 
been exposed much to rain and damp. 

Inasmuch as the security and strength of the splice de- 
scribed above depends upon the wires being evenly and uni- 
formly twisted each about a common aris, the twisting is best 


‘Described in Deep-Sea § Sounding and Dredging, § Sigsbee. U. 8. 
Coast and Geodetic Survey, 1880. 


effected by using simple tools, such as shown in Figs. 6 and 7. 
The wires to be spliced are ‘clamped in the small block of 
brass, A, having two shallow converging saw cuts as indicated 
by the dotted lines. The block is fitted with a brass plate 
covering the slots and kept in position by steady pins, a, a 
The cover plate is made to clamp the wire a the shettow slots 
by means of a common machinist’s hand vise, not shown. 
The brass block, B, also cut with slots converging the same as 
in A, serves for "twisting the wires. The cover on the block, 
B, simply confines the wires to the slots without clamping 
them. Rotating the block, B, on its longitudinal axis twists 
the wires as evenly as can bedesired. If the free ends of the 
wire are to be turned once closely around the main wire, this 
is effected by means of a tool shown in Fig. 7, which scarcely 
needs explanation. The splice is finished by nipping off the 
extreme free ends of the wires close down to th 

and, if desired, the ends may be further touched up, before 
soldering, by careful filing to the form shown in Fig. 5. 

While steel wire is the best material for the kite line, yet it 
is not convenient to form a continuous wire connection up to 
the kite, especially during the experimental stage of the work 
when alterations in the points and manner of attaching the 
wire to the kite are necessary. String is uliarly adapted 
for such connecting purposes, on account of its flexibility and 
the facility with which it can be tied in knots. Twine of 
suitable strength has, therefore, been employed for the bridles 
of the kites. To the bridle is also attached a short length 
(from 4 to 6 feet) of twine which will hereafter be desig- 
nated the “stray line.” By this arrangement of bridle and 
stray line any desired adjustment and alteration of the bridle 
attachment may be made by means of knots hereafter to be 
described. The stray line provides means for readily attach- 
ing a kite to, or detaching it from, the wire, still preserving 
any desired bridle adjustment. 

Correct engineering practice requires that we inform our- 
selves definitely concerning the strength of every important 
member of a structure. Therefore, when we employ string in 
the bridles and the stray lines of our kites we must definitely 
ascertain their strength, especially if tied and knotted together. 

The question as to how well and conveniently knots answer 
their purpose, and to what degree they constitute a weak spot 
in the string containing them, is a very interesting one for 
investigation. Although string-is used in the Weather Bu- 
reau work in only a subordinate capacity, yet a number of 
tests of strings united by different kinds of knots were made, 
and as the results may prove useful to those who employ string 
instead of wire for flying kites they are given in the table be- 
low. All the tests were made on new cord that had never 
been used. The cord was a hard twisted cable-laid twine, 
which measured between 0.105 and 0.115 of an inch in diam- 
eter and weighed in the slack cord 4.1 Ibs. per 1,000 feet. 

I1.—Strengths of cords united by various knots. 


Kind. 
1 2 3 4 5 6 7 8 y | 10 
Seles 313 12 
a ; a | 
| 4 | 8 | 23 
25.33/22 a” Eo = 
110; 160; 148; 185| 179) 172 171 
sony 188 127 | 110; 174) 156 38 175 | 187 180 
118| 146) 154! 175! 198 165 
120; 125; 160) 174 100), 178 167 
135 | 112); 131 138 | 138 171 150, 182 16 169 
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The exact structure of the knots will be understood from 
the illustrations, Figs. 8to 16. The so-called “double over- 
hand knot” was tested because it is so commonly used by a 
novice for uniting two strings, and because it has often been 
employed in flying kites tandem for the purpose of forming a 
loop in the main line, as shown at a, Fig. 8. It is avery bad 
knot for the purpose. The “ weavers’ knot” or “sheet bend” 
is very small and compact, but cuts upon itself badly and is 
weak. The “square knot” is much better, but is not always 
proof against slipping a little, which, if it occurs under con- 
siderable strain is almost certain to result in a break at the 
knot. The tendency to slip is almost wholly removed by 
drawing the parts taut in such form that the loose ends stand 
well out at an angle to the main parts. Do not tighten up 
the knot while the loose ends are held parallel with the main 
parte. Fig. 11 shows the knot correctly tied. 

It seems there may be some difference in the strength de- 
pending upon whether a knot is tied with or against the “lay” 
of the cord. I have not, however, been able to definitely dis- 
cover a difference of this sort. 

The “fisherman’s knot”' called also “surgeon’s knot” by 
Eddy and Fergusson of Blue Hill, is compact and compara- 
tively strong. The “interlaced overhand knot” is formed by 
tying a simple knot loosely on the end of one string and 
pasaing the end of the other string through and around the 

not in the opposite sense, as shown in Fig. 13. The “ inter- 
laced figure of 8 knot” is formed in a precisely similar manner, 
based on the knot shown in Fig. 14. Each of the foregoing 
knots draws down exceedingly compact and hard, and it is al- 
most impossible to untie them after being strained, especially 
the two latter. This is also true of the “Carrick’s hend.” 
The latter, however, is designed to unite heavy ropes, hawsers, 
etc.,and in such cases the loose ends of the knot are “stopped” 
or lashed to the main parts, and in such condition the knot 
can not jam. Occasionally the knots enumerated from 1 to 8 
in the table will sustain a strain that will break the cord, but 
such was found to be rather the exception and generally the 
string appeared to break at a weak point. 

The king of all the knots, however, is the “ bowline knot,” 
not only because of its remarkable strength, which is such 
that the cord itself will break at a high strain while the knot 
holds in the majority of cases, but from the adaptability of 
the knot to a variety of purposes and from the fact that it 
never slips and can be untied with the least possible effort, 
Fig. 16 shows the man- 
ner of uniting cords by this knot, and although for this pur- 

se it is less compact and neat than other knots, it is exceed- 
ingly trustworthy and can be depended upon to nearly or quite 
the full strength of the cord. te has no equal for uniting two 
cords differing in size. It will never break at the point, a, 
which I was at firet inclined to regard as a weak spot. This 
knot is so excellent that its use is strongly recommended. 
The successive steps in a simple manner of tying it will be 

iven, as the beginner may find some difficulty in forming the 

not easily with no other guide than Fig. 16. The first step 
is to form a simple overhand knot, held as shown in Fig. 17; 
by a dexterous turn of the fingers the knot is brought to the 
form shown in Fig. 18, and finished by passing the end behind 
the main part and through the eye, as shown in Fig.16. The 
act of tying the knot is one continuous motion. In drawing 
the knot taut it is not necessary or desirable to tighten up the 
crown (a, Fig. 16,) of the knot very much. To untie the 
knot the crown is first drawn over in a manner to free the knot, 
whereupon the whole is easily undone. 

As already mentioned, when wire is used as the kite line, 
string need be employed only for bridles, stray lines, and 
other short connectors, The end of the wire is formed intoa 
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small eye which incloses an eyelet, as shown in Fig. 19. 
The string from the kite is attached to this eyelet by means 
ofa bowline knot. A number of actual tests demonstrated 
the superiority of this knot for forming this junction. 

While discussing knots it will be well to dispose of the 
matter and describe the manner of tying the bridle to the 
kite sticks and of adjustably attaching the stray lines to the 
bridle. 

Fig. 20 illustrates both these connections. The clove-hitch 
reinforced by one or two half hitches of the loose end of the 
string around the main part of the bridle seems to answer 
every purpose for securing the bridle to the kite stick. I 
have been unable to discover a more excellent method of 
attaching the stray line tothe bridle than by means of a bow- 
line knot, the loop of which forms with the bridle a square 
knot, a, Fig. 20. The knot cannot slip in use and even if 
excessively strained itcan be loosened with the slightest effort 
and in such a manner that the point of attachment can be easily 
shifted by any definite and precise amount. The simplest 
way of forming the square knot between the loop of the bowline 
and the bridle is to tie the bowline first, independent of the 
bridle, then pass the loop of the bowline around the bridle 
and draw the end of the stray line, which will generally be 
free, through the loop of the bowline, forming the knot shown 
in Fig. 21. This is easily converted into the square knot 
shown in Fig. 20. The complete arrangements of bridle and 
stray line was repeatedly tested with the result that the ar- 
rangement was fully as strong at every part as the cord itself. 

It still remains to describe what methods have been 
developed for attaching kites in tandem. Where string is 
employed for the kite line a simple loop knot, a, Fig. 8, 
may be formed at any point desired. Asalready pointed out, 
and as shown in Table Tr, if this knot is tied in the manner fig- 
ured, the strength of the line is thereby weakened in a very 
serious manner. As it is plainly very bad practice to impair 
the strength of hundreds of feet of strong cord simply by one 
or more weak knots, it is also plain that those whe employ 
string for the kite line need a method much better than that 
just described for forming a loop or other device by which the 
following kites of a tandem may be attached to the main 
line. The importance of this little matter is still more ap- 
parent when we consider that if a single one of these knots 
or loops forms a point in the line which is 33 per cent 
weaker than the weakest place in the cord itself, a condition 
which the tests show is easily possible, then to safely sustain 
a given strain the entire length of line involved must be 33 
per cent stronger, that is, approximately 33 per cent heavier 
than would be required if the strength of the cord was not 
thus impaired by loops. The weight and size of the string 
are of such vital importance in flying kites to extremely 
great elevations that bad practice of the kind just pointed out 
can not for a moment be tolerated. 

The foregoing remarks apply equally in determining what 
arrangements will be admissible for attaching tandem kites 
to wire. Every device that — the normal strength 
of the wire must be ruled out. In speaking of the several 
kites forming a tandem it will be convenient to designate the 
top kite as the leader, or pilot, kite. The others may be 
called subordinate kites or followers, and the line of wire 
leading up from the reel will be called the main wire, or main 
line, while the relatively short branches leading up to the 
subordinate kites will be spoken of as secondary lines. 

An angle in the continuity of the main line is formed at 
any point at which a secondary line is attached. This angle 
varies from moment to moment with the ever changing wind 
forces on the different kites. If wire is used and flexibility 
is not provided for at the point of attachment, or other 
means adopted to obviate ill effects from bending, then it is 
only a question of time before the strength of the wire will be 
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impaired. The writer has not been able to conceive of a 


clamp for this purpose that is entirely free from serious ob- 
jections. After discarding loops of string firmly lashed with 
waxed twine to the wire he has, however, adopted the eyelet 
arrangement shown in Fig.22. In addition to forming a 
perfectly flexible point-of attachment, the strength of the 
junction, with double twisted wires either side of the eyelet, 
is stronger than the wire itself, as shown by actual tests. 

Steel wire of the same size as the main kite wire is also em- 
ployed for the secondary lines. The length ranges from 100 
to 150 feet, with an eyelet in each end, as shown in Fig. 19. 

The connection of the secondary line to the intermediate 
eyelet of the main line is made by a short piece of twine tied 
to the eyelets by means of the bowline knot, 

The intermediate eyelets put into the main line are too 
small to present any difficulty in stowing away upon the reel. 
The only objection to them hitherto found is that the points 
at which attachment to the main line is possible are fixed 
and predetermined, and can not be chosen, as is sometimes 
desired. 

The relative merits of several small kites flown tandem 
as contrasted with spreading the same amount of surface 
in one or two large kites, will be er discussed 
later. It may be stated here, however, that although the 
tension on the line becomes more and more steady the 
greater the number of kites in tandem, yet the gain in steadi- 
ness when more than two or three kites are employed is en- 
tirely unimportant, and, as will be shown hereafter, a large 
kite is more effective than an equal surface in small kites 
flown tandem. Based on these considerations the practice at 
the Weather Bureau has been to fly but a small number of 
kites tandem, and the use of eyelets at fixed points in the 
main wire has been generally satisfactory. 

One further difficulty has presented itself in the use of wire, 
and for which thus far no satisfactory solution has been 
reached, namely; if the wire is in a state of internal strain, 
such that when stretched it tends to rotate on its longitudinal 
axis (and if no provision of a swivel or other device has been 
made for relieving this twisting strain), then under certain 
conditions of moderate strain, and at moments when the 
main and a secondary line take nearly coincident directions, 
the two may intertwist around each other fora length of 
many inches, but be again violently untwisted more or less 
completely when a condition of stronger winds and heavier 
strains prevail. It is needless to say that such action threat- 
ens to impair the strength of the line. 

Swivels are believed to be of no avail to obviate this diffi- 
culty. In the first place they must be capable of resisting a 
strain at least as great as the ultimate strength of the wire. 
Made in the ordinary way the friction, owing to heavy strains 
that would occur in use, would wholly prevent their effectual 
action. A ball-bearing swivel would, we believe, not be much 
better. Moreover, even supposing an effective swivel avail- 
able, as rotation of the kite wire can not “take place across 
the angle formed at the point of attachment of a subordinate 
kite of a tandem, it would be necessary to provide a swivel at 
each point of attachment of a secondary line. The winding 
of bulky ball-bearing swivels on the reel presents a serious 
objection to their introduction. 

From the foregoing statements and data respecting the 
materials and arrangements which form the kite line, it 
will be seen that the maximum of strength with the mini- 
mum of weight and surface exposed to wind action is ap- 
proximately attained by the use of steel wire. With the 
arrangements recommended, there will be a uniform strength 
throughout, with no inherently weak points of construction 
nor portions of unnecessary strength, and, therefore, un- 
necessary weight. The main wire is expected to withstand 


the united pull of several kites, and must, therefore, be 
Rey——3 


MONTHLY WEATHER REVIEW. 121 
stronger than the bridles, stray lines, etc. These latter, 
when made of the cable-laid twine employed in making the 
tests given in Table II, are, as shown therein, ‘stronger in 


proportion to the strains they must sustain than the wire 
itself. The excess of material and weight involved in this 
excess of strength is very small, however, and of no import- 
ance. For small-sized kites smaller twine may be safely 
employed. 

The following table contains the results of tests upon 
splices, eyelets, and other members that go to form the line 
by which a kite or tandem of kites is anchored to the earth: 


Tas.e III.— Ultimate breaking strength of members of kite line. 


| #8) 3% 
Number of test. J 
| 8 | 
Lbs. Lbs. Lbs. Lbe. 
ap 20; 216 185 194 


The reel.—The reel required for the proper management of 
either the kite wire or string will need little or no descrip- 
tion, except in respect to particular adaptations, and espe- 
cially in regard to the means employed for measuring the 
total length of the wire or string and the length paid out to 
the kite at any time. 

It will frequently be necessary, when flying kites in light 
winds, to keep the kite afloat by reeling in the wire more or 
less rapidly. For this purpose experience has shown that the 
circumference of the drum of wire or string should be scarcely 
less than 5 feet. A much larger drum than this, where it is 
to be operated by hand, will prove difficult or, at least, incon- 
venient to manage when the wire is under considerable strain. 
Moreover, it is desirable to avoid the use of multiplying gear, 
such as would be required with very large drums in order to — 
secure adequate power for the purpose of winding in kites by 
hand when exerting strong pulls. A drum 18 inches in di- 
ameter operated by two hand cranks, each 15 inches long, 
represents something over a threefold reduction, which in the 
large majority of cases will prove ample. . 

A very interesting phenomenon connected with flying kites 
with wire is the electrification of the wire. To be able to ob- 
serve effects of this sort, it is necessary that the reel of wire be 
insulated, which is accomplished satisfactorily if the drum is 
made of heavily shellacked wood. The core of the drum must 
be made very strong, to avoid the enormous crushing pressure 
incident to winding in turn after turn of the wire under 
heavy strain. For the same reason the flanges must be com- 
paratively thick, to prevent flexure, and strongly riveted to 
the core, to prevent being forced asunder. 

Fig. 23 shows the second reel employed in the Weather 
Bureau work. Our first reel was only 12 inches in diameter, 
and proved to be too small, and the flanges were too weak. 
About 10,000 feet of wire forms a layer on the large reel a 
little over 0.4 of an inch deep. 

The inside end of the wire on the reel comes through the 
flange to the button, a, which can be electrically connected to 
the earth by the switch, A. 


For the purpose of indicating the number of rotations 


- ~ 
~ 
F 
» 
SS site 


122 


made by the reel the axis is provided with a suitable worm, 
arranged to actuate the dial mechanism of an ordinary ane- 
mometer. The length of wire corresponding to any par- 
ticular dial reading is obtained by means of a numerical 
table, the computation of which will be explained later. 

The carriage upon which this reel is mounted is shown in 
Fig. 24. Itis the same carriage employed by Mr. Potter in 
his work with string. A central bolt confines the box, A, to 
the low table, 7, but permits rotation thereon, aided further 
by castors near the four corners. 

The rope brake, b, Fig. 24, which passes almost completely 
around the reel in a friction score, or groove, of the flange, 
serves perfectly to control the rapid paying out of wire, the 
necessary restraint being produced by tightening gently the 
slack end of the rope atc. The reel being of wood, and, 
therefore, but a poor conductor of heat, temperatures suffi- 
cient to scorch the rope and wood in the groove have some- 
times resulted from the great friction, but no serious difficulty 
has been experienced on this account. 

When wire is paying out under control of the brake the 
rapid rotation of the hand cranks is somewhat objectionable. 
To provide them with ratchet connections so that they may 
remain stationary when the reel is unwinding, as is done in 
some forms of reels for deep-sea sounding purpose, is not 
altogether desirable in kite work, as the strain on the wire 
- is sometimes exceedingly variable. Moreover, a rigid handle 
is most trustworthy in cases where it is necessary to control 
the reel by the handle for both winding and unwinding. 

A common and well known form of spring balance has 
been generally employed to ascertain the tension produced 
by the kites. One method has been to hook the dynamometer 
directly to one of the crank handles, fixing it in such a posi- 
tion that the restraint is exerted in a direction closely at 
right angles to the crank arm. This method, which is pre- 
ferred from the faet that the reel can be quickly disengaged 
from any restraint should emergency demand, requires that 
a reduction factor be applied to the observed dynamometer 
reading, depending upon the ratio between the crank arm 
and drum radius at the point from which the wire draws. 
The ratio is always known for any given length of wire out, 
so that the reduction presents no difficulty. 

A second method, which measures the tension directly, 
consists in arranging the dynamometer to draw over the sur- 
face of the drum itself by means of a cord wound partly over 
the outer layers of wire, as shown at Fig. 25. 

When reeling in distant kites the wire is guided wholly by 
shifting the carriage of the reel slightly in azimuth, as may 
be required from time to time. We have found the direction 
of the wire to remain sv nearly constant that this means of 
control is ample, and jé¢ further avoids any necessity of touch- 
ing the wire with the hands, which is liable to induce rust. 
Near the close of the operation, when the kites are but 100 
or 200 feet distant, it may be necessary to guide the wire by 
hacd. Ae a precaution against rust, the wire in reeling in 
is somcumes oiled by causing it to draw through a piece of 
folded cloth held in the hand and saturated with oil. 

The evaluation of the readings of the dial showing the 
number of revolutions of the reel is effected once for all by 
accurately measuring in sections a long length of wire as it is 
wound upon the reel. In the case of the reel under discus- 
sion the length of wire was measured by causing it to pass 
around a disk having a known circumference and which re- 
volved with the greatest freedom. The disk, in fact, was 
mounted upon the spindle of an anemometer, the dial read- 
ings of which indicated the number of turns of thedisk. The 
tension of the wire was regulated by causing it to pass 
between a friction plate of wood so arranged as to guide 
the wire in its passage to and from the measuring disk and 
at the same time prevent any slipping or shifting of the 
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wire on the grooved soe wage of the disk. The apparatus 
is shown diagrammatically in Fig. 26. The observations 
for the measurement of the wire are of the following nature: 
The end of the wire being passed around the disk and 
secured to the reel, note is made of the dial readings to 
the nearest tenth of a revolution of the disk and reel, 
respectively. Approximate chalk mark subdivisions answer 
for the fractions of revolutions. When fifty turns of wire 
are wound on the reel, readings of the dials are again noted, 
and so on. In addition to noting the readings for each fifty 
turns of the wire, readings are also recorded at the end of 
each full layer. In winding the wire on the reel, originally, 
it is not difficult to lay it on very evenly for a depth of seven 
or eight layers, but splices and other irregularities break up 
smooth winding, and after a time definite layers cannot be 
formed. It is impracticable, however, to guide the wire in 
even layers when reeling in kites. Bya a weighing 
of several of the sections of wire wound on, and by accurate 
determination of their respective weights per unit length ob- 
tained by measuring and weighing short samples, the above- 
described series of observation ‘may be made to suffice first, 
for determining the exact periphery of the measuring disk 
and then the length of wire corresponding to any number 
of turns of the reel. In this case it will of course be neces- 
sary (a) to note the dial readings at the times the splices be- 
tween sections pass on to the reel, and (b) to make slight 
corrections for the few inches of the wire used in forming the 
splices. 

To show what variation may be expected in different por- 
tious of wire, nominally of the same size, and to present data 
from which an idea of the accuracy attained in measuring 
the length of the wire by the above-described means, the fol- 
lowing observations are quoted : 


Tasie IV.— Weight unit of samples of steel music wire. Nominal 
cig length of 


of wire, 0.028 inch. 
Whole coil. 

Weight Peri 

Sample Length. | Weight. | ight ~ phery 
Weight. | Length. 
Feet. Grms. Grms. Grms. Feet. Feet. 

27.335 27.343 1.0008 1248.9 1251.0 8.1511 
18. 445 18. 370 . 9059 2240.0 244.0 3.1558 

11.696 | 11.972| 2286.2) 2368.6 8.1700 


Mean periphery, 3.1541. 
Norse.—Samples joined by brackets were cut from outer and inner ends of the 
same coil 

A layer of wire on the large reel contained, on the average, 
about 155 turns. All the observations in a single layer were 
combined as an average for that layer. The law of increase 
of the periphery- of the reel, with successive layers of wire is 

ractically a linear law. A ready and sufficiently exact so- 
ution of the observation equations is therefore obtained by 
aid of a diagram. The table, V, contains the results for 
the large reel. 

There is doubtless a slight difference in the average length 
per revolution depending on whether the wire is wound in 
smooth layers or not, but I have been unable to definitely 
evaluate any difference of this sort, notwithstanding that 
what I may call the calibration measurements agree and har- 
monize among themselves with considerable precision. More- 
over, in using the wire, several thousand feet may be unwound 
from smooth layers and wound on irregularly, and it will ke 
found the dials come back to the starting point very satisfac- 
torily. Differences of a fraction of one percent may be due to 
differences of tension. 
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— QQ 
the influence of the latter is rather uncertain, but that of the 


For the sake of conformity with the 


| humidity. 


| Relative 


Prevailin 
direction. 
- 
3 
eis 
Inch. 
2.69 | nnw. |...... 
0.02 | sw. sw. 
T. | sw. w. 
T. | nw. sw. 
0.00 | ese. n. 
0.04 | n. sw. 
0.04 mw. |...... 
T. | ssw. w. 
1.45 | w. sw. 
T. | sw. sw. 
0.18 | mne. j|...... 
0.08 | e. nw. 
0.06 | e. w. 
0.06 | nw. 
0.00 | se. sw. 


TaBLe V.—Observed and computed length of wire of large reel. 
— former is well known. 
“3 other data published in this Review these corrections for 
3 Ee 2 He local gravity have not been applied. The Editor regrets that 
2 s | 85) 3 | 83 the table for April, 1896, can not also appear in this number 
2 | of the MontHity WeaTHER Review. 
° 
S| 6 ef & Mexican data for March, 1896. 
ad 
{ * * Outside fractional layer 
1,614.7 1,614. for The extreme outside layers were not distinguish- 
13 481 | 2,342.3) 2,342. 0.3 able in the observations. Stations. 3 sz 
12| 681 | 3,067.7) 3,067.8) — 0.1 | $6 
1i| 743 | 3,608.2 3,608.2 0.0 sls 
10| 981 | 4,512.6 4,513.0 — 0.4 Toke 
9 | 1,092 | 5,284.5) 5,285.2) — 0.7 
8) 1,244 | 6,011.0 6,011.8) — 0.8 Feet, | Inch 
7 | 1,395 | 6,731.8 6,731.5) +- 0.3 Aguascalientes. 0008 6, 112.3 
1, 159.6) the hth , to and including the first 20 ma 
2| 2/170 + 3.8 Guadalajara 5,141.2 |... 
1| 2,331 144.1) + 2.5 Guadalajara (Obs. 8. Est.) 188.0 
[To be continued in May Review. } Lagos (Liceo 6.274. 5 
NOTES BY THE EDITOR. (Seminario) 6, 401.0 33.94 
MEXICAN CLIMATOLOGICAL DATA. 7,956.3 | 22.61 
In order to extend the isobars and isotherms southward 80 | Pine 
that the students of weather, climate and storms in the United | 16 
States may properly appreciate the influence of the conditions | gaititio (Col, 8. Juan) | 
that prevail over Mexico the Editor has compiled the follow-| 
ing table from the Boletina Mensual for March, 1896, as | 
ublished by the Central Meteorological Observatory of  rampico (Hos. Mil) | 
exico. The data there given in metric measures have, of | 
course, been converted into English measures. The barome- Trojo (Hac. Silao, Glo.) 
teric means are given by mercurial barometers under the 
influence of local gravity and therefore need reductions to 
standard gravity, depending upon both latitude and altitude ; 
7 METEOROLOGICAL TABLES. 


For text descriptive of these tables and charts see p. 16. 


By A. J. Henry, Chief of Division of Records and Meteorological Data. 
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Tasie I.—Climatological data for Weather Bureau Stations, April, 1896. 


egnjosqy | : 
| | SASS SHAR 


Humidity and precipi- 


JO 


Fahrenheit. 
| 


Temperature of the air, in degrees 


. 


Pressure in 
inches. 
3 
30. 
30 
30. 
30. 
30. 
‘0. 
30 
30 
30. 
30. 
30. 
30. 
30. 


‘Sivek RR°RARGRR CR™ SORA RRS SRRRERRRER” SHS 


“= 
| 
a+ 
Bg 
af 
v ~ 
= 
44. 
39. 
43. 
2. 
47. 
42. ( 
43. 
45. 
48. 
55. 
BO. ( 
55. 
56. 
58. 
60.4 
50.4 
65. 
64. 
59. 
58.4 
63. 
63. ( 
66. 
68.4 ( 
68. 4 
70. ( ( 
72. 
72. ( 1 
75.¢ 
71.4 
68. § 
65. ( 
68.4 1 
68. 2 
70.4 4 
69.¢ 5 
70. 2 
4 
67. 1 
69. 2 q 
69.3 4 
¢ 0 
68. 
70.! 1 a 
69. ( 1 
68.: 1 
70.3 
62. 2 
65. ( 3 
63. 4 
69. 3 
65. 2 
61.! 0 
64. ¢ 0 
60. ( 1 
61.¢ 0 
58.6 2 
57.4 3 
38.7 2 
60.9 2 
46.5 0 
47. 1 
1 
1 
53.4 4 
38.8 4 
3 
51.2 3 
. 45.7 3 
43.2 2 
49.3 3 
42.6 3 
49.0) 2 
40.0 3 
58.4 2 
48.0) 3 
47.7 5 , 
38.1 4, 
41.0 3. 
42.0 4, 
42.2 2 
40.8 2 
56.5 3 > 
48.2 5. 5 
47.4 5. 
5. 
57.1 3. 
56.0 3. 
55.0 7. 
60.0 2. 
65.8 2. 
60.0 1, 
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Taste I1.—Meteorological record of voluntary and other cooperating observers, April, 1896. 


Birmingham ........... 


Carroliton *t!.... 
Citronellet .. 

Claiborne ... 
Clanton t... 
Cordovat... 
Daphnet.. 
Decaturt . 


Demopolis 
Elb 


Evergreen t 
FPloremee 
Florence bt... 
Fort Deposit ........-- 
Goodwatert 
Greensborot 
Hamilton? 


Highland Home t 


Madison ‘Station 
Maple Grovet... 


Marion? desde 


Newton? eee 
Oneonta ft e606 es 
Opelikat os 


Pineapplet 
Pushmatahat ........... 
Rock Millsf 
Sootteborot ......... 


Sturdevant f ........ 
Tallassee Falist ........ 


Tuscaloosat...... 
Tuscumbia t. 
Uniont ......- 
Union Springs 
Uniontownt . 


Valleyhead ¢ . 
Warrior 


Wetumpka ..........- sob 


ka. 


Arizona Canal 
Benson 
Bisbee t 


Dudleyville t 


Gilabend ... 
Giselat ....... 
Glendale 
Holbrookt ......... ovens 
Ingleside ...... 
‘Huachuca ¢. 
Natural 
Oraclet..... 


| Minimum. 
Mean. 


Temperature. 
(Fahrenheit.) 


| 


Maximum 
Minimum. 


snow. 
Total depth of 
snow. 


Minimum. 


3832332, 


one 


2538 


~ 


SENS 


B28: 


Precipita- 
tion. | 
| 
By | | 
2 
Ins. | Ins. | Arizona—Cont'd 
3.09 Showa 
4.21 Signal t ..........- 
2.46 Sulphur 8 Valley. 
4.87 Texas Hill* 
2.68 Walnut Ranch *ti... 
2.40 | Wells 
4.92 Whipple Barracks t . 
4.58 il 
7-10 Arkansas City? 
ancha: pringst..... 
2.42 Brinkley? 
3.80 | Camden bt 
4.16 | Comway *® 
2.49 Cornin ees 
2.68 
ee 
Gaines Landing+........ 
5. 88 Helenaat....... coches 
2.44 Helena?t.. 
4.51 Hot Springs a.. 
8.07 Hot Springs 
4. Hot Springs (near) 
3.57 | Jonesboro ft ...... 
6.80 | Keesees Ferryt 
2.00 | Kirby 
1.29 | Latour 
2.64 Lonoke*! ....... 
3.16 Luna Landing*® ........ 
11.30 Madding*........ 
Malvern t cect 
5.72 cha 
3.68 | Mossville 
1.24 | Mount Nebot............ 
2.72 
4.74 i] 
8.78 
5.19 
2.41 
5.62 
2.91 
2 | Rison t 
3.33 I} Russellvilie+ .. 
2.85 i} Springs + .. 
0.65; T. | Texar Sexe 
| Warren 
Washington 
| 
0.00 alifor 
0.00 Adlington Heights....... 
0.09 om Ballast Point L. H 
0.04 | Barstowt. 
0.24) T. || Bear Valleyt 
0.00 | Berkeley . 
2.00; 2.0) Bishopt..... 
Bishop 
0.00 Bodiet 
y J Bowmans 
0.05 Caliente 
0.17 Calloway Canal t. ee 
0.00 Cape Mendocino L. ii. 
0.17 | T. il cose 
0.06 Centerville*'. os 
Chico **. 
Chino eee ee 
0.42 8.0 || Claremontt.............. 
0.37 | T. 
0.00 Corning ** 
0.05 Coronado 
8.00 Craftonville ..... 
0.00 Crescent Cityt .......... 
0.40 2.0 | Crescent City 
0.50 0.8 
0.00 


° 


924 66.24 
90 31 | 68.7 

8 | 34) 69.8 

toe 38 | 67.7 

91 31 | 66.8 

6.2 

87) 2) 65.6) 

89; 33 68 


91 36 | 70. 
86 | 39) 69. 
69. 
91 30 | 69. 
82 33 64.0 
86 | 38 | 68.8 
87 | 34) 67. 
89 33) 67. 
87 | 35) 67. 
89 | 31) 69. 
72. 
8 | 30) 65. 
8 | 2) 67. 
90 | 381) 68. 
90 | 65. 
89 | 36) 69. 
88, 36 | 68. 
| 82) 69. 
8 | 32 69. 
83 | 30 | 63. 
87*| 28°) 65. 
61 14 | 38. 
72 | 30 | 50. 
81 35 | 55. 
8638 | 55. 


16 
74) 
| 36 
73, 4 
12 
76 «(31 
70; & 
& 
4 
80, 


BE 


8 


1% 
i, 
0.00 
0. 

0. T. 

0. 

0. 1.5 
¥. 


See 


BASKSSELRS 


° 
Sa-of | Rain and melted 


Sec 


Cty 


S 


Greenville 


Hollister ........ on 


2: 


= 


King City .. 
Kingsburg*® ....... 


141.0 


Le 

Lick Observatory .. 
Lime Kiln.......... 
Lime Point L. H......... 
Lodi 


Island L. H... 
Milton (near)** 


BESLNESS 


Mokelumne Hill**...... 
Monterey *® ...... 
Mountain Home 
Mount Fraziert 
Mount Glenwood *!..... 
Mt. Lowe Observatory. . ose 


Nepeda Cityt 


96.8 


Bowes: 


SPT 


BR aw 


Point Ano Nuevo L. ii.. ° 


Point Bonita L. H.... eveles 
Point Conception L. H .. 
Point Fermin L. H...... 
Point George L. H....... 
Point Hueneme L. H. 


Poway ®?........ 


47.5 
T. 


4 
|| AprIL, 1896 
(Fahrenheit.) tion. | (Fahrenheit.) tion. 
Alabama. ° ° California—Cont'd. ° 
Alco | 90 Pham 65 
Ashville 87 34} t Brother L. H....... 
93 31 | 683.8 Escondido W 96 | 57.6 |....... 
86 38 68.0 72 14 | 47.2 -| 8 | 55.8 
| 81 | 66.0 |] TOJOM 
78.7 | Goshen *8 30 | 53.6 
Healdsburg *!............ 7 32 50.5 
| | 72) 26 | 51.2 
| Hydesvillet.............. 30 x 
80 9 Towa 65) 84 
& 5 | Jackson 
32 | 66.6 || Keeler *® 76 
88 55 9.5 
90 | 388) 68.0 || Los Gatosb 69 | 36) 
| MeMullin*! 76) 32 4 
33 | 69.8 | '|| Malakoff Mine*!......... 67 20 1 28.0 
RS 35 | 64.3 oases 75 26 
90 40 | 70.2 | 29 | | 
| 8&8 4.2 
|| Mohave*®............... 78 | 35 
95 | 
cool 48 21 | 31.6 40 
| 17.0 
43 | O58, 
91 36 
| 44 i] ig 
| go 30 26.5 | 32 | 
Buckeyet 35 25 
Calabasas? 83 a | | 68 31 | 
Casa Grande*®..........| 80; 36) 
Dragoon Summ i Oakland @ 7 39 | 
Eagle Pass*®*..... | 127.5 || 65 35 | 
Flagstaff t Orland 7B) 41 | 
Port | T. || 38 | 
Fort Huachucat........ 62.0 | 82 
Fort Mohavet..........- b1 | 18.0 || Paso Robles’ ...........| 6 | 
| 116.7 || Peachland*!............| 84 
6 4 | 56.0 48 
Piedras Blancas L. H ... 
any, Point L. | 4 
64| 27 | 44.6 
31 8 
Pantano *® 8 38 Point Lobos 61 2 | 30.5 
Parker? OF Point Loma L. 4 
Foc 36 | 64.1 Point Pinos L. H......- 
OF 36 62.6 | Point Reyes L. H.... } 
Reymert 88) 87) 68.0 | T. Pomona (near) ..........| 83| 56.3 
San Carlos! 3 | 60.6 48 | 
3an Simon 8 | 0.00 Dunnigan 42) 51.6 
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Tasus IT. record of voluntary and er 


| 


Stations. 


PS 


snow. 
Total depth of 
snow. 
snow. 
snow. 
| Total depth of 
snow. 


Minimum. 
Rain and melted 


| 


Reedley (near)*!.. 
Represa 
Ricvista 
Robertsons Mills........ 
Roe Island L. H..... ovine 
Roseville (near) ......... 
Rosewood......... 


San Bernardinot........ 
San Jacinto 
San Josed 
San Leandro*'.......... 
San Luis L. H........... 
San 
San Miguel*®............ 
San Miguel Island es 
San Rafael t............. 
Santa Ana®® 
Santa Barbaraa........ 
Santa Barbara L. H..... 
Santa Clara a*°®......... 
Santa Cruzd...........+. 
Santa Cruz L.H......... 
Santa Maria............. 
Santa Monica*®........ 
Santa Paula 

Santa Rosa**........... 
Saticoyt..........+ 
Shasta......... seed 
Shasta Springst.. 
Sneddens Rancht....... 
8. E. Farallone L. H.... 
Stanford Universit 
Stockton a.... 
Summerdalet . 
Susanvillet... 
Sutter Creek 


Tehama**.... 
Tejon Ranch 
*8 
Trinidad L.H 


Upper Lake .............- 
Upper Mattole*!........ 
Venturat............ eves 
Voleano Springs **...... 
Walnutcreek............ 
Washington *! .......... 


Williams 


Wire Bridge**.. one 
Yerba L. i. 
cece 
Yuba’ 
Engineers Quarters tf... 
Morses House f...... 
Grass Valleyt........... 
Creek 


Ibran . 


> | Rain and melted 


2 Rain and melted 


o 


° 


Federal 
| Frostproof*t!.. 


3 


OSH 


Husted t......... 


Kit Carson *!..... 


eos 


Serene 


a 


g2 
S-& 


| St. France AT 
St. Francis Barracks.. 
|| Tallahassee 


ws 


Om 


| Parachutet 


Roar on 


ow 


WEL 


| Allentown 


| Americus T 
|| Blakely*t®........ 


wan 


St Cloud é 


Steamboat 
Sulphur Springst.. 
Surface Creekt ... 


Lagranget .......... 


ee 


Lumpkin 


ao 


Monticello*t?...... 
Point Peter*.. 


— 
SPP 


“eo 


Perr re 


| Hartfordc...... 


| Lake Konomoc ..... 


~ 


accom 


a ID 


E 


rs 


Idaho. 
Voluntown t ...... 


| Wallingford t...... 


Boise Barrackst .. 


Coeur d’Alene .......+..- 
CorFal 


oo 


oe cooococu 


Si 
© 


gto 
District of Columbia. 
ving Reservoir*®.. 


Srescsr 


BESS 


4. Avonpark 


: 


SERRE 
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Temperature. Precipita- Temperature. Precipita- | Temperature. - 
(Fahrenheit.) tion. ] | (Fahrenheit.) tion. | (Fahrenheit.) — 
> 
| 
5 
8 : 
California—Cont'd. ° 
71 
| 
70 
73 
Gunnisont 68) —3 | 39.8 || GPASMEFCT 
Sacramentoa...........| 76. 35 3.0 || Lake Butlert............| 4 
Salton 100| @ 80 2) 48.3 | 14.8 |) 91 
82 30 68 12 | 40.1 | 7.0 Lemon 9 
| 30 20 4.0 || Macclenny 98 
| 7%) | 21.5 || Manateet 92 
44 | Merritts Islandt.... ...) 90) 
47 
74| 36 | 
| 4 | 
| 36 | 
| 
| 31 
| 32 
| 81 45 
| 81 35 
|; 6 38 
70 | 
57 
66 
68 | 
Tecarte Dam**.........| 77 | 
Truckee*® ............+. 
> Tulare c 30 
Turlock Bt 28 
30 
70 30 
| 
| 78) 40 
| 
| 100 43 | 
| 
74) | 
71 
40 } 
Willows ............. 74 38 | 
Wilmington*®........... 79 5O 
73 34 
65 38 
| 
Squirrel] 
Tunnel NO. | 0.5 
Colorado. | 
Alma t 56 | —15 | 31.0 
Boxelder 19.0 
Breckenridget .......... | 6.0 
Brush? 15 1.0 
Canyont 8 9 65 
Castlerock t.............| 74 7 OB 
Climax 4) — 8) 1.5 
S86. b 42 8.6 
Downing MMe | TL) 21 | 48-5 
- Dumont*t® .......+... 73 3 | | Lake 50 | —10 | 28.4; 1.30; 13.0 
68 12 | Lewiston 78| 27) 51.0) 1.19 
First View*®............| 86 |......| iver 0.30! 0.4 
| Martint 9 | 36.4] 0.55 
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Precipita- perature. 
tion. (Fahrenheit.) | 
| | a a 
= g 3222) 73 s | 
Tdaho—Cont'd | ° Ins. | Ine. | Tllinois—Cont'd. ° Ins. | Ina lowa—Cont’d | ° ° ° Ins. | Ins 
Minidoka t | 12 40.6) 1.28| 1.0) Robinson*t*....... 88) 96/58.3) 1.15 | 6-79 
Moscowt @ 26 44.9) 0.57 | Rockfordt ...... 15 | 4.088 T. Des Moines...... T 
Murray 68 16 41.4) 2.81 1.0 Rose Hill *t!.. | 60.3) 211 Do | & 13 | 53.3 7.21; 
70 2) 45.9) 1.26 T. | Roundgrovet... 20 56.9) 4.91 |...... | 2.1 
Oakley 7 16 | 43.6; 0.80; T. S7 22) 50.6) 4.45) ..... 86 16 | 6.5 
64 44.8; 2.34 | St. Charles *t!.......... 2) 53.6) 4.11 0.4 Emmetsburg........ 4 49.6 6.00 0.2 
4/ 1.91 | St. Johm*t! 30 | 63.9) 3.19 Estherville ............ S4 M4 W.2 6.13 1.5 
Payette t -| & 00.3) 1.74 0.1 Scales Moundt.......... 85 6.17 0.2 Pairfieldt..... St 18«57.6 | 4.60 
75 23) 48.3) 1.73 | | | 86 22 57.4) 2.63 0.8 Forest City......... 1 4.68 4.0 
Roseberry t 1.24) 5.0 | Sycamore*t!............ | 53.7) 2.74 | Fort Madison *t!... 61.6 3.57 
Salabriat 70 21 2.98) 0.9 | Tiskilwa*t® | 8 6.2) 4.28 8.0 || Galvat. 83 6.36 
Shoupt....-. .. 1.08) T. | Puscolatt! | 98/506/ 1.90| T. || Gardengrove....... 86) 56.0) 8.64 
Soldier t 59 0.79) 4.0 || Walnutt | & 57.0) 5.17 0.5 | Glenwood t.............. | 90 16 58.0 
Swan Valleyt..........- —4/ 90.5) 1.17) 3.0 || Warsawt | Grand Meadow*'....... 16 51.2 6.32 5.5 
arrent ..... @|—4 5.9 | 2.78 |...... Wheaton 4.50) T. | Greenfieldt.............. | 16/55.9) 3.21) T. 
inois. Winnebagot ............ 18 | 53.6; 3.68; T. | Grinnell t............... & 6.9 8.62 3 
Albiont...... 27 | 62.4) 1.3) | 98 18 | 54.2) 5.78! T. Grundy Center*......... & 16 52.1 7.27 3.0 
Alexander ............. 2/614) Indiana. Guthrie Centert «58.4 4.60 
9 | 25 | 58.8) 2.39 Angola 90) 55.4) 5.91) 20) Hawkeye. 5.00 12.0 
Atwood a*t* 2 55.8! 1.78 Bloomington t.........-+ 61.5) T. | Hopevillet .......... 86) 56.7) 3.30 
| Bluffton 19) 56.9) 5.29 | Humboldtt.............. | 8) 15) 52.9) 5.55 
cc 20/56.4) 3.75) T Butlervillet............. 9 23 61.5) 0.43 | Independencet .......... 82.4) 5.88 4.8 
AUTOTA DT S85 4.17 Cambridge Cityt........ 85 2457.5) 1.18 Indianola 86! 87.7) 2.60) T. 
3.39 | Columbia City*!........ | 84 2 55.4) 2.41 | Iowa City at............. 83 20 57.1 «5.14 8.0 
Bloomington t........... 88 2.0 6.0 2 (59.4) 0.21 || Towa City b.............. 86 
Bushnell t .......... 89 22/50.8| 3.45) 2.5 Connersvillet..... 86) 56.4) 1.27 | Towa 84) 15) 50.4) 7.00 )...... 
Cambridge .... 4.55) 6.0 | 84) 54.4) 262) T. | Keosauquat........ 88 «21 59.4) 3.17) T. 
Carlinville t | Edwardsville*t!......... 88) 29 | 64.8) 0.45 | Knoxville ...... 88 19 S68 4.91 
1.57 | | Evansvillet............. 90) 29 64.4! 1.65 Larra 87 | 82.2 6.91 
Carrollton 2) 60.1) 1.86) rmland t |; 220) T. | Leclairet................ 3.50 
Catlint .... . ST 23 | 57.38) 2.08 1.5 Franklin*!............. -| & 2959.5) 0.97 i LOMAPS 88 1258.8 6.69; T. 
Cazenovia * t 90°} 56.3-| 4.18 | 12.0 | Greencastlet............ 84| /58.5| 1.06| T. || 85) 57.4| 8.90 
Charleston ... 1.30, 0.1 Hammond ............+ 55.1! 8.92 | Logant..... 01.68.01 
Chemung*' .. 16/532) 6.78 T. | Huntington ............. | 282) 0.5 | Madrid ....... 14/50.7/ 5.10| T. 
Chester t .. | Indfamapolis -| T. | Malvern*!........ 2.87 
| T. | Jaspert...... a7 | 63.2 | 0.53 | Maple Vulley.........-.. | 7.97 
Cisne *t! . oe 29 | 63.6) 1.24 Jeffersonville 90 30 | 0.24 | Marshall t 86 10 53.4 «6.82 
Clearcreek f......... 2 56.8) 4.45 Knightstownt 88 23 59.9) 1.66 Mason Cityt..... 15/ 51.0) 6.96 7.5 
cc 31 | 638.4) 2.80. | Kokomot .... 89 21 | 38.22 0.1 | | 98 4.58.9 4.48 
4.60 | Lafayette t ... 86) 20 57.9 | 2.65 | Mechaniesville.......... 11 M4 4.98) 10.0 
Decaturt ‘ 87 2 61.2 | 1.56 Logansport d+ | 58.7 | 2.80 Millman ....... 
F 85 2 55.4) 3.62) T. Madisont..... 89) 27 | 63.2) 0.28 Monticello *t!.......... 81) 5.65) 6.0 
Duquoin *! 31 | 64.9) 2.38 Marengot 9 6.8) 0.30 Mountayrt.............. 88 15 /57.2 2.88 
East Peoriat...... 88) 20) 50.0) 3.74 Mariont 57.4) 3.11; T. | Mount Pleasant*!...... 5.98 
Effingham t) 8 | 6.2) 2.40 Mauzyt... ST, 58.2) 1.02) T. | Mount Vernon*!....... 8 21 | 56.0 ....... 12.0 
Evanston BD | Mount Vernon 90 30 64.7 | 2.59 13 57.4) 3.32 
Fort Sheridant.......... 85 17 | 50.6) 3.18) T. | Northfield+..... & 2 | 56.9) 1.78 Newtont... 87 18 55.6 6.92 
Friendgrove*t*....... 58.0) 2.49 | Princeton *t!. ......... 88 27 0.6) 2.35 North 5.92 2.5 
Galvat & 20 57.0) 4.24 8.0 | Rockvillet...... ... coos] 23 1.58, T. | Northwood...... 5.% 8.0 
Glenwood *t! ......+. 868) 2.84) T. | Rushvillet.............. 0.92 Ogden ......... + ST) 19| 34.4) 4.89) T. 
Grafton? .... 2.80 | Seottsburgt............. | 88) 62.5) 0.10 Osage *t?.... 21 48.4 5.68 11.0 
Greenville 89 62.5) 2.26 | Seymour 87 60.4/| 0.2% Oskaloosat -| 58.0 3.68 
rig 88 20 61.8 3.0665; T South Bendt............ | 86 13 | 55.6) 2.35 1.0 | Ottumwa... -| 58.8 5.46 
Halliday *® S864 874 67.64 92.17 | Sunman......... | & 58.8) 0.55 Ovidt...... & 17 (57.0 3.48) T. 
96/61.6| 3.15| 1.0 | Syracuset...--.. 2.51| 0.1 Panamat .. 17) 560) 8.16 
Herrins Prairie*'....... 86 6.7) (2.35 | Terre Hautet ........... | 28 61.8) 1.41 Portsmouth ....... | 9 16 538.2 «7.17 
63.8 1.9 Valparaisot..... cece | 87 34.6) 3.34, T 81 14 (51.0 5.62 1.0 
Tron © £9 32 63.4 1.79 Vevay........ OF 30 | 68.4) 0.22 Rein 6.46 6.0 
9 | 21 58.0 +4 T Vincennest ..... 98! 68.9! 0.50 | Rock Rapids ............. 8 10 46.0 4.68 
Jordans Grovet........-| & 29, 63.6) 3.64 | Worthingtont ....... 89 2% 61.4)| 0.61 | Sac 15 52.8 4.45 
Kankakee at............ 241 55.8) 1.98 Indian | Seymourt | 8 87.6) 3.79 
Kankakee 96% 64.64)....... | Eufaulat 3.43 | 12 48.8 5.38; 3.0 
Kishwaukee............. 8&3 13 | 54.2) 4.15| T. Healdtont cose] 27 | 67.8) 1.22 8S 21 | 56.2 2.81 
Knoxville 2 58.2) 3.62 3.5 Kempt 92) 68.8)! 1.81 | Sigourney ........... ... 87 7 57.0 5.16 
cose] 8.9 4.21 T. Pe 9 22 62.6) 0.78 Spirit BP 81 12 49.4 4.08 
Laharpe*! 88 23.0) 2.35 | South McAlestert ...... 26 70.6, 1.50 oledo ..... M 15 54.6 6.26 
Lanark *t! 85 2153.9) 56.0 T. Tahlequaht.......... 886 2 | 63.4) 2.36 87 16 65.6 3.88 
Lexington t ....... 19 87.4) 8.62 6.0 | Tulsa 1.60 Vinton 84) 541) T. 
Loami t¢........ | 1.65) & 31 66.0) 1.49 | Washingtont............ 87 18 | 57.2 «4.12 
Louisvillet........ 86 27 62.0) 1.55 | Towa. Waterloo M4 19 53.5 6.65 5.5 
31 | 60.7 | 2.00 18) 56.8) 3.67 8 19 57.7 2.84 
Martinsville t ....... 60.2 | 1.92; 0.2 | M4 1951.5 6.46) 3.2 Waverly 84 18 | 53.6 7.25 6.0 
Mascoutah 88 63.0) 2.30 81 16 50.7) 8.15 1.0 | Westbend*t!...... cere 83 18 | 40.6 5.52/...... 
Mattoon *! ..........+ & 9B | 87.4 Amanat --| & 2 55.6) 5.26 8.0 | Wilton Junction t....... 2 5.6 5.19 6.0 
Minonk*+!......... 92) 56.5) 3.64) 6.0 | Amese 4.29 | Winterset t......... .... & 6 5.0 3.8 
Monmoutht........... -| 58.0 4.50 1.5 | Atlantict! 14 | 58.9) 3.50 Kansas. 
Morrisonvillet .......... 85 3, 0.2) 1.9% | Atlantic (mear).......... 8 18 | 54.8 | 3.02 | Abilenet ...... 22 61.2, 6.52 
Mount Carmel t 295 | Audubon 12/580) 7.82 | Achilles 496 | | 
Mount Pulaski .. 86 59.8) 2.31) Belknap....... | 90) 21 60.0) 3.55 | Altoona*t?® 87 2 22 
Mount Vernon... 29 63.7) 1.67 | Belle Plaine............. | & 12 58.2) 4.81 3.0 Assaria*®....... 2 0.6 3.94 
New Burnsidet. 66.0 3.36 | Bonapartet.... | 86) 18) 58.7) 3.31 Atchison 9, 2.56 
Olneya*!........ 1.52) Carroll 85 12 | 58.0 | 6.48 24 64.0 2.30 
Oregon t....-.... 18/548) 3.68) T Cedarfallst ........ % 7.20) 6.0 | 61.0) 2.71 
Oswegot'..... | 8) 58.4 | 3.48 Cedar Rapidst ..........  & 21 50.2) 5.23 7.0 || Beloitt 19 60.1 3.45 
Ottawat 88 2 3.38) T Chariton ..... 8&4 19 57.0) 3.18 Blaine ..... 90 2250.7) 4.13 
Palestinet... | 61.1) 1.07 | Charles Cityt. & 17 | 6.55| 10.0 Burlingtont............. 2 /62.8 6.09 
Paris f........... | 1.28 Clarinda t .. | | Campbell.......... Raves 2/509 4.29 
88 18 | 58.0) 1.38 8  18/| 56.5) 2.84 Collyer *®... 9 57.4 7.35 
Plumbill*t?...... 8614) 218 15/50.2/ 5.09/ 5.0 Columbus. 87) 62.7) 4-21 
Rantoul*t!.... ....... & 2 6.6) 4.5 | Coolidget..... i 57.0 | 1.02 
Reynolds 57.0) 5.44 13 | 52.8 | 5.57 Cunningham t W 6.2) 1.68 
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Temperature. 
(Fahrenheit.) 
3 3 
Kansas—Cont’d ° | Ins. | Ins. Ken ° o | Ins. ° ° Ine. | Ins. 
aes 10 | 56.8| 6.48 T. Middlesboro t........... 62.0; 1.86) || 98 27 56.4) 1.66, T. 
22 61.8 Mount Sterling . 26 | 60.5 1.9 Ellicott City ...........-| 88) 30/56.8) 1.50) 
2% 64.5) 4.10 Owenton 28°) 65.3°) 0.25. Fallston *! 93 30 | 54.4) 1.386 T. 
Elgin*!...... 28 | 64.1 | 2.48 1.77 || 93 19 | 55.4) 1.82 | 
Ellinwood 20 | 57-6 | 2.52 Paducah dt...... 35 | 67.4 1.82 Frederick 92 27 | 56.0; 1.27; T. 
Emporiat ...........++++ 26 61.6 | 6.05 Pleasure Ridge Parkt. 27 | 63.4 0.13 Frederick b4..........+. 92 | 2 | 56.9 
Englewoodt..... 18 | 62.8 | 1.99 Princetont 28 | 65.2) 1.74 87 17 51.5; 2.98 6. 
Eurekat. ................ 2.43 Pryorsburg.......... soa 28 | 67.0! 1.76 Greatfalls*®.......... 91| 83 | 57.4) 0.49) 
Eureka Ranch? 58.1 | 3.69 Russellville t............ 29 | 65.8 2.04 Greenspring Furnace..-| 91 | 22| 55.6) 1.68 
Fort Riley t ............. 61.9 | 5.54 26 | 62.1, 0.43 Hagerstown t .........-- 2 57.8] 1.32) 
Fort Scott . 4.97 || Sandyhookt ............ 24 61.6 6.82 97 21 | 56.4) 1.52) T. 
62.6 | 2.73 | Shelby Clty 80 | 63.4 0.53 Jewell 28 | 57.0) 1.18 
Garden City t 68.8 3.51 Shelbyvillet. 26 | 63.8 0.88 Johns Hopkins Hospital|; 28 | 55.8 
Garfield ........ 3.83 61.0 1.46 4 26 | 56.2; T. 
Gibson........ 4.42 Springfield 26 | 62:9 | 0.65 | MeDonogh 90 | 28 | 57.2 
Girard *!...... 3.98 1.78 | Mardela Spri 92) 2) 55.5) 1.54) 
Goodland t 2.38 5 || Mt. St. Marys eile 93 % | 65.2) 1.40/| T. 
Gove*t!...... 57.7 | 4.08 4270.2) 5.2% | New Market....... 93; 24/56.8| T. 
Grainfield *° 58.3 | 4.22 36 | 70.8 3.48 | Pocomoke 93 81 | 58.38; 1.08| T. 
Greensburg t.........-+- 62.3 4.19 8470.4 2.86 Princess Anne. . 2) 55.1) 0.96 
Grenola 62.7 | 1.65 87 | 69.9 | 2.82 | 93 | 24/|55.8| 1.80| T. 
Halstead 60.2 | 3.46 36 | 70.6 4.95 Solomonst....... abscesses 88 82 | 1.17 | 
58.7 4.56 32 | 69.4 2.47 Sunnyside ............... 87 14 50.4/| 2.58 2.0 
0600 60.7 | 2.18 74.4¢ 1.62 Western Port ........... 92 55.3; 2.2) 1.0 
Hutchinsont ...........- 62.7 | 2.97 34 | 69.8 3.80 Westminster ........... 26 | 59.7) 1.16 
Independencet ......... 65.0 | 2.41 34 | 69.2) 6.55 oodstock ......++...-- 93 241 55.6) 1.20 
Lawrence 61.4 | 3.66 5470.8 0.88 Massachusetts 
62.0 | 5.41 80 | 69.4 2.80 18 | 48.9 
62.8 | 38.52 39 | 71.2) 5.18 Amberst 21 | 30.0 -02 
acksvillet............ 50.6 | 2.50 33 | 67.4 | Amherst Ex. Station 2 . 21 | 49.2) 1.82 
McPherson t..........--- 63.0 | 2.57 40 | 70.6 4.12 24 | 42.3 73 
Manhattan d............. 61.9) 33 | 68.8 5.00 AGhland 1.29 
Manhattanc..... 5.27 Franklint 86 | 69.6 2.14 || Attleboro ....... 0.98 
Mariont....... 63.2 | 5.10 | Grand 41 | 70.4 1.19 | 1.32 | 
Meadet.......... 65.2 | 2.12 Hammondt.. ae 34 | 70.4 2.08 1.65 
Medicine 65.2 | 2.09 35 | 70.3) 2.81 | Biuchi (summit) 1,382 | 
60.9 3.48 Jeanerette t 88 | 71.0) 8.15 || Bluehill (valley) 1.29 
Morantownt . 62.0) 4.49 ayette t........ 38 | 70.4 2.78 1.14 
Morland ¢ 56.6 | 3.95 Lake Charlest 45 | 69.1 1.66 | Boston (W.B.) 
Morton 59.2) 1.61 Liberty Hill 35 | 69.2, 7.23 | Brockton a..... 1.19 | 
Mounthope *! 64.0 | 2.68 Maurepas*...... 34 69.6 2.74 0.97 
Ness City 60.0 | 4.07 Melvillet 39 | 69.1 3.10 Brocktonc...... 1.04 
New E 56.7 4.74 Monroet 38 | 71.2 | 2.66 | Cambridge ............ 1.66 
Norton tf. 54.5 6.71 Natchitoches 33 | 69.6 3.50 || Cambridge }............. 1.70 
Norwich *! 62.6 | 2.19 New Iberia ............ 42 | 67.8 | 8.75 Chestnut Hill.......... 1.72 
Oberlin t 6.01 Oakridge 33 70.4 3.42 Clinton 0.80 
Olathet 61.8 | 5.26 87 | 69.6 | 2.70 1.48 
w 65.5 | 3.31 Opelousast...........+.- 36 | 69.6 | 2.21 Concord t.. 46. 1.50 
Ottawa t 3.98 82 | 68.6 7.28 Dudley! 49. 0.90 
acla t 60.2 | 5.70 Paincourtville t......... 36 | 70.5 4.04 East Templeton *!...... 46. 0.25 
Phillipsb 55.5 4.55 Plain 8471.0) 3.72 Rock, Nahant ...... 43.4 
Pleasant 50.2) 3.96 40 | 70.8 1.44 49.0; 
Prattt 61.1 | 2.58 5.45 0.87 
Rome*t! 64.4 | 2.72 Schrievert 34 | 70.2 2.54 46.4) 1.06 | 
Russell t 60.4 | 7.77 Shellbeach t............. 1.78 47.38) 1.16) 
Salinat... 62.4 | 5.39 Southern University 40 | 68.2 2.10 48.6 1.85 
Scott Cityt 57.9 2.90 Sugar Ex. Station 40 | 70.5 | 2.68 46.3) 1.85 
ant 64.9) 1.98 Sugartownt.... 40 | 70.3 4.58 47.2| 1.74 
Sharon 8 53.1 | 38.00 Thibodeaux 2.75 1.28 
8.75 Venicet ....... 4 | 67.2) 1.2 1.4 
Ulysse 57.9°| 2.13 40 | 70.6 38.88 Hyannis*t!............-| 77 46.8 | 0.84 
Wallace*® 1| 3.87 White! Sul t 35 8.72 Lake Cochituate ........ 48.8 
Wam 61.5 | 4.04 | Lawrence ........- 48.3 
Wellington*? ........... 66.1 | 3.18 18 | 42. 1.19 | 1.0 || 45.6 
Winfield **.............. 63.4 2.44 Belfast **......... 26 | 43. 1.18 5.0 Leicester Hill. . 46.9 
56.2 4.70 | 4. 1.2 9.0 | minster.......... 
Yates Center t 62.6 | 2.55 3.6 | Long Plain*®............ 48.4 
entuc 18 1,28 |) Lowell 47.0 
Anchorage +.........--.. 62.9 | 0.17 lagstall 145) | 48.9 
Blandville 64.1 1.79 Fort Fairfield 1.78 10.0 | Ludlow Center 44.6 
wling Green a*! 62.1 | 8.77 | 44.2) 2.02 6.8 eds 46.4 
Bowling Green dt 65.4 | 3.67 6 | 86.2; 2.24) 18.0 | Mansfield 45.8 | 1.27 
Burnsidet ..... 2644.5 1.68 5.0 | Middleboro 46.0) 
Caddot........ 30 60.9) 1.60 16*| 43.6, 2.24, 24.5 || Milton.. 46.6 | 1.57 
Canton*t!.... 35 66.2) 1.65 22 1.90 12.0 || Monroe 40.6 1.52 
Carrollton t .. 28 | 64.8 | 0.44 25 | 38.8 Monson. . 49.0) 
Earlington ...... . 82 | 65.4) 2.89 20 | 39.2 || Mount Wachusett ......|...... 1.35 
Edmontont ...........-+ 26 | 62.7 | 2.52 17 | 48.2 T. || Mystic 1.99 
Eubank t¢...... 23 63.2) 0.94 Mystic Station 2.00 
Falmouth? .............- 0.34 82 | 57.8 T. Nantucket ...... 
Fords Ferryt ....... .. 30 | 65.9 | 3.49 25 | 58.7 T. || Natick *! 2.07 | 
Franklin*t’........ 34 66.0 | 2.00 Boettcherville*!...... 26 | 54.4 1.80 1.0 | New Bedford’ .......... 1.23 
Georgetown 28 | 62.8 Burkittsville............ 28 | 57.4) 2.28 | Newton Center**.......|...... 
Greendale*!..... 30 | 62.1 1.01 Cambridge t............. 59.0°| 1.07 | T. | North Billerica.......... 1,2 
Greensburg *t! ......... 80 68.1) 1.25 Charlotte Halit......... 25 | 1.08 Pittsfield 1.30 
Harrods 29 | 61.0 Cherryfieldst? 55.4) 1.02 Plymouth *!............. 0.88 | 
Henderson t......... 95 32 | 66.8 | 0.80 Chestertown f........... 29 54.6) 1.10 ain cos 1.80 
Leitchfield t............. 24 63.3) 0.78 Collegepark ............. 24 55.4) 1.29) T. vincetown. .......... 
Louisat @ 91 2% | 61.0/| 2.01 Cumberland at.......... 26 | 55.2) 1.88) T. uina 
Louisa 96 36 | 67.0 Cumberland 0........ 30 | 61.2) 1.99) T. obe of 
whbonet 26 | 63.6 | 3.94 Darli 27 | 56.6°| 1.37 Roxbury 
Maysville *!............. 82 | 63.6 Deerpark .............. 12 | 48.8 2.04; 38.0 | Salem......... 
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Temperatare. Precipita- Temperature. pita- Temperature. | Precipita- 
(Fahrenheit.) tion. (Fahrenheit.) tion. (Fahrenheit.) 
8 ag 
= = & 
Massachusetts—Con'd. ° ° Ine. | Ins higan—Cont'd ° ° Ins. | Ine. Ins. 
salisbury ; 1.45| T. | St. Ignace....... cers 65 39.0/ 3.0 83 | 69.6 4.74 | 
Somerset*! .... 88 3 48.3) 1.29 1.0 || St. Johns ................ 85 16 | 51.8/| 2.10 69.9 2.64 
1.89 |...... || 15 | 47.1) 1.49 36 8.31 
Springfeld Armory . RS 18 | 47.9 0.85 SAPOMAC ...... 15 | 51.6) 2.50 0.5 || Columbus at ...... | 4.82 
1.66) T Sault Ste Marie ....... 90 | 38 | 70.9 4.53 
85 23 48.0; 1.28 Somerset ...... S4 13 | 52.6 3.36 91. 71.7 2.86 
Taunton ¢....... 85 19 | 46.7) 1.80 /...... South Haven ............ 83 17 | 30.8) 2.35 0.5 91 8271.6 4.94) 
Turners Falls............ 84 2 48.38) 1.06 8 83 14 | 530.0!) 4.34 0.5 90 71.0 5.69 
Vineyard Haven 2) 52.2) 8.77) 2.5 91) «31 68.2) 3.66 
Wakefieldt ....... 23 | 47.2 ST s «18 | 56.0 | 3.34 0.2 92 32 | 67.7 4.94 
4000609 74 ak 86 35 | 68.0 2.48 
Westboro? .............. 20) 86 2.77 1.5 88 31 68.0 3.56 
21 47.1 49.4° 275 5.0 90 35 70.6 4.67 
15/508) 3.30! T. 34/69.2 3.89 ag 
17 | 47.9 0.80) T Albert Leat.............. 81 48.8°|...... 42) 89 36 | 68.8 2.26 
1.3) T Alexandria at. 9.23 16.0 86) 39) 70.6) 2.90 
rdsleyt..... ce 7 15 | 42.6) 6.51 1 88) 66.4) 4.53 > 
2 53.4) 4.80) TT. 18 | 46.6 |....... 92 70.9 3.35 
15 | 55.4) 2.24) T. Bermidjit ............... 79 42.4) 3.34 2.4 90 32 69.4 | 6.45 
17 | 3.1) 3.91 1.0 | Bird Island.............. 79 45.2) 6.53 86 4371.2 3.60 
1.8 | Blooming Prairiet ......| 80 18 | 49.7 | 5.70 88 35 69.6 4.50 
84; 51.8)... ... 0.2 | Bonniwellt......... 80 5) 45.2) 4.95 89 69.2 3.18 
88 20/ 50.6; T. || Breeset................. 73 7| 33.8) 4.92 89; 386 68.6 2.75 
Ball Mountain .......... 16/44, 2.62 | Caledoniat.............. 80; 15 | 80.7) 7.52 | 4.01 
76) —8/ 30.2) 8.52) 7.0 bri 79 3 | 48.9) 6.14 .0 88 35 70.0) 3.21 
16/ 58.2) 3.48/ 1.5 11 | 46.2) 11.98 6.0. 9! 35 70.2 | 2.44 
19/ 2.54) T. 12 | 48.2/....... 8) 40 70.6 |......- 
18 | 4.25 12 | 46.0 | 6.57 88 4071.4) 4.14 
73 | 12/480) 3.66) 1.0 10 | 40.8| 5.93 | 88) 44/724) 4.95 
19/511) 276) — 4) 4.8) 9.06) University 89 | 33 68.4 3.64 
18/588) 250) T. 48.0) 2.5 | 33/70.8 3.56 
7 12 | 49.0)....... «hast 12.0 Water Valley*t?........ 92 33 68.0 2.91 
86) 2 51.5) 1.91 Farmington ¢....... .... 46.4| 5.41| 11.0 | Waynesboroat 90} 66.1/ 2.56 
62; 18 | 40.3)....... | Pergus 7 14 42.6) 6.84) 5.5) Wil jamsburg.......... 10.64 
80°) 46.4*| 2.40 Glencoe t........ 79 6 | 46.4) 5.85 |...... Villet ...... 86) 39 | 60.4) 8.228 
90 16 | 53.9) 2.36 Glenwood t.............. 82 9/44.6) 8.71 5.0 | Yazoo Cityt......... 34 8.52 
63 30.5) 4.0 8.5 | Grand Meadowt........ 81 11 | 47.4) 6.47 10.0) 
81 | 47.4| 2.80/ Grand Portaget......... 61 —2| 83.8 5.08 |...... || Akron ...... 2.99 
76 11 | 48.2) 2.73 5.0 | Granite Falist..... BO} 46.4) 14.0 leton City t.. 89 2261.0 5.41 
18 | 58.0; 8,22)...... | Hutchinsont...... 9 | || Arlin 4.21 
89. 14 50.8 . 08 2.0 | Lambertt............... 73 8 | 39.6) 6.55 5.5 || Bethany.................. 87 17 | 59.0; 2.72 
86 50.6 O.5 || 8.37 | 13.0 | Birchtree..... 87 64.6 8.22 
86 9 | 45.9 31 8.0.) Leech Lake! ..... —13 | 37.9| 5.25 8.0 || Boomvillet | 7.42 
18 | 50.2 . 43 2.0 Long Prairiet ... 42.6/ 14.2 nswick ..... 88 24 62.6 2.36 
0.6) Lutsent......... 6 | 36.2) 6.36 |...... | Cafrolitont..... 88 26 61.2) 3.65 
8 | 16/681) 3.41) 0.8) 18 | 49.0) 4.90 86 28/618! 8.45 
15 | 62.7) 2.67) T. Mapleplain ...... 10 | 5.80 7.8 | Conception.............. 85 26 57.9 2.86 
85 20 | 58.0/...... Maplewood *'... 15 | 44.2 }...... +| 18.5 || Cowgill 86 8.30 
8&7 10 | 46.5) 2.07 7.0 | Mazeppa’..... M4 | 49.9) 2.50 5.0 || Darksville t ............ - 23 59.2, 3.10 
85; 17/522) 3.07| 1.0) Milanf................. 6/448) 6.15) 4.2) Downing ...... 2.73 
MM 11 | 48.3 3.35/ 4.5 | Minneapolisat.......... 11 | 47.1| 6.22| 7.6 | Bast 24/ 57.2 5.88 
83 | 43.2/ 2.29) 10 | 46.4/ 5.11| 6.8 || 82/643 2.30 
51.0) 3.35 | Minneapolis 7.4 Eightmile*!............. 84 22 | 59.7 | 5.98 
18 53.5 | 2.72 0.5 | Minnesota Cityt ........ 84 16 51.4) 5.82 3.0 26 64.4 2.05 
49.2!) 1.25 Montevideo t............ 81) 47.8| 7.33) 4.5 Elmira 9 | 18/ 61.1! 8.27 
83 M | 49.6) 8.07 0.2 ac 8.8 | Erma 30 68.6 4.12 
16° 58.4e 4.09) T Morrist...... ovense 76 14 | 45.2) 8.12 9.0 2.08 
Mount Iront............ 75 | — 3 | 89.6) 5.60/ 12.0 || | 8.92 
a7 18 | 51.6) 4.17| T ew London ............| 8 10 | 48.8 | 10.30 7.0 Fayette.... 25 | 63.0 3.39 
40.2) 4.99)...... New Richland *!4....... 80; 14/ || Pulton.......... | 8.38 
cece 85 14 | 48.2) 2.45 7.0 || New Ulmt............... 14 | 49.4) 5.12 1.5 Gallatin*?........... 85 259.8 3.57 
Jeddo........ & 18 | 48.0) 2.68) T. k Rapidst.......... 74° — 1° 4.94 6.4 || Gayoso 38 63.4 2.20 
Kalamazoo .............. 85 647.8) 2.30 8.0 | Pine River*!. .......... 73 40.2) 6.56) 10.0 Gordonville **...........). | 62.6 2.62 
Lake City ............... 7Os| 166) 46.7s)......./...... | Pleasant Moundst... .. 83 4 | 49.5) 5.32 1.2 || Gorin®?.................. 90 24 58.1 | 8.18 
Lansing ................. 85 51.1| 2.05/ T. | Pokegama Falls!. —16 | 86.5) 5.66/ 10.0 || 90 | 22) 63.8 3.64 
Ludington *™........... | Rolling Green t. 16 | 48-7) 4.20) 6.0 2 | 62.8 2.73 
Madison ................. 19 | 58.0) 3.81 0.6 | Roseaut..... .. 73 37.2) 4.594 2.3 || | 8.14 q 
Manistique .... 61 11 | 88.2) 2.39 5.0 | St. Charlest...... 81 15 | 50.0) 7.84 8.0 | 64.8 3.97 q 
8.9 || St. Cloud .............. 5 | 41.7/| 6.31 | 15.0 || Houstonia 8.72 
17 | 54.0| 2.26 2.0 | Sandy Lake Dam'...... 67" — 5 | 39.3) 6.65 6.0 64.8 8.15 
Mount Pleasant 18 49.8; 8.68) Sauk Center............. 79 42.4) 8.00) 3.0) 58.9 3.71 
North Mainton 15 | @.0 | Shakopee*®........ . 76" 15) 47.9!) 56.67/ 8.5) 63.0 | 5.9 
North Marshall. 13 | 58.0) 3.46 0.5 | Towert.................. 78 | — 8 | 98.4) 2.70/ 14.0 || Lamonte 4.45 
Northport ........ 17 | 45.1| 4.70! Two Harbors? B44) 45) 63.8 5.01 
Old Mission..... 15 | 48.4) 2.57 5.0 | Wabasha*!,............. 17 | 49.8) 6.58 6.5 61.7, 8.00 
Olivet .......:.... 15 | 52.4) 4.73 0.5 Willmart........ ee 75 9 | 44.6) 7.48 4.0) 63.6 3.40 
19 | 51.2) 2.60) T. 80; 488) 6.41) T. 61.3 3.08 
16) 50.2) 3.82) 6.1 5.94) 6.2 5.31 
Parkville ........ ae 8.09 1.0 |] 4.65 
Point Aux Bargues*™, 84 18 | 47.0 ole ésbes 63.7 38.08 
vv 199/508) 2.88) T. 87 «39 | 68.1) 4.21 | 60.2) 8.54 
Port Huron........ 0.5 39) 70.0) 4.80 60.2 8.68 
79 9 | 44.0 8.0 87 | 88 67.7] 5.57 54.5 2.86 
Rockland. 84 7 | 48.6) 5.10/ 18.0 | 70.5 )....... 61.8 | 2.23 
Romeo. ...... 19 3.8) 1.60/ T 2.76 Mine La Mottet......... 85 2 68.6 3.11 
86) 60.2| 7.97 88) 2/65.4) 5.24 
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Stations. Stations. 
: 
- ° ° Ins. Nebraska—Cont'd. 
bee 31 | 62.5) 2.51 
20 | 50.6) 5.21 Beatrice t ..... 
20 | 64.8 3.62 Beaver Cityt .. 
3.59 Benkelman*! . 
67.9; 1.91 Bluehill *!..... 
67.4) 3.50 Bratton*!....... 
64.5 4.58 Brokenbow*!.. ........ 
kfiel 64.5) 1.78 Burchard 
Oakridge 1.40 Callaway t .............. 
Oldent 4,33 Central City *® 
ORO 5.31 Creighton *t! ........... 
Phillipsburg 27 | 62.6) 4.59 Culbertson 
Pickering * 24 58.2) 2.91 Curtis 
Platte River** 18 58.9 | 2.33 
Poplarbluff 30 66.4) 4.77 David city 
Potosi ....... 20 | 62.1) 2.58 Divide*'. 
Princeton *'. 21 | 59.2) 3.50 Dunn 
Rhineland .. 21 | 68.3) 2.88 Edgar* 
Richmond*! 26 61.6) 2.28 deme 
St. Charles ....... 63.2) 1.9 
St. Joseph t........ ears 2.89 
Sarcoxie *® 62.4) 4.50 Fairmont*! ............. 
Shelbina ..............++- 7.10 Fort Robinson .......... 
66.8 | 4.05 
Steffenville 2.75 
59.1 | 3.08 Gothenburg ............. 
Unionvilie Tt 53.1) 4.77 Grand Islanda*!........ 
8.21 Grand Island .......... 
63.2) 1.68 
Wheatland .. 5.26 
Willow 24 | 63.6 5.88 
Zeitonia*'....... 30 | 61.5) 3.44 
Montana, 
College. . 5 | 39.0) 1.44 6.0 
F ones 14 | 43.2| 1.738) 14.0 
Billings 17 | 48.1 | 0.68 5.8 | 
Bozeman 1.45) 14.5 
Buttet 2 34.7) 0.55 6.7 || Holdrege a 
Chinook 10 | 43.4) 1-.40| 11.0 | Holdreged...... 
Choteau 6 | 38.2) 1.05) 10.0 | Imperialat.............. 
Cokedalet 2 387.6) 1.30) 12.0 | Imperial d*!............. 
Columbia Falist ........ 20 | 48.0) 0.53) T. | Indianola*®.......... 
7 38.7! 0.90 2.5 || Kearney *! .............. 
Dillon ¢ 0 | 37.4) 0.50) 5.0 || Kennedyt 
Fort Custert ............ 43.1) 6.02 5.2 || Kimball 
Fort Recent 18 | 43.8 | 1.57 Kirkwood *!............ 
Fort Logant.......... —7 | 96.4| 0.26 | 
Fort Missoula Sete 16 | 39.4) 0.65) Lodgepolet cess 
Glasgowt.. —2/ 41.2) 3.28 | 
Glendive t .. 18 | 46.2} 16.0 
Greatfalls t 10 | 48.0; 1.29 9.5 
Havre ..... 6.1 | 
Helena 11.4 | 
36.6 | 1.41] 13.2 | 
Lewistownt............. 35.6 | 8.90 | 33.0 
Libbyt ....... 45.6; 0.89 T. Ma 
Livingston 41.6 | 0.70 5.9 
Manhattant......... 1.90 Minden @*?.............. 
Martinsdalet............ 87.6 | 2.80) 22.0 || Minden d. 
Marysville t 35.6| 1.88| 14.5 | Nebraska City at.. 
Miles -| 1.0 || Nebraska Cityd*! 
Musselshell t .......----- 40.6 | 1.10| 11.0 || Nemaha City*!......... 
39.5 2.41 | 20.4 
Radersburg ¢......- .... 2.52 | 23.8 Norfolk ¢ 
St. Ignatius Mission t.. 23 | 45.0 0.65 3.0 || Norman ¢....... non 
St. Pauls —1)| 36.2) 4.10; 11.0 || North Loupt...... 
Sun eet seeeceeeeseens 5 | 89.3) 0.60 6.0 | North Platte ........ ... 
18 | 45.4| 1.45) T. Oakdale 
nia Cityt.... .... 9 | 87.3) 2.15) 19.0 | Omaha (W. B.).......... 
hite Springst — 7 38.0) 1.07| 12.0 | O’Neill*! 
7 36.4) 2.36) 20.0 Ord......... 
b Osceola..... 
20 | 49.2) 5.50 Ought 
Albion t ...... « ache 28 | 52.8) 8.27 Palmer a*'!. 
Alliance 0.80 2.0 | Palmer d 
Ansle 4.66 Plattsmouthat... 
8.20 Plattsmouthd*!......... 
Arcadia ............ 20 | 3.1 5.22 Ravenna 
Ashland @f ...... 12 | 56.8) 2.97) T. Ravennad*!............ 
Ashland 6*!............. 23 53.8 3.00 Redclouda....... 
Ashton 20 | 52.9) 5.76 Redcloud }*!............ 
Auburn *t! 20 | 60.0 2.68 Republican*!....... 
24 | 58.6 | 9.98 
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4 — a 
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Ine. 
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RA 
| & 
2.0 
ol: T. 
89 | 20} 
g2| 24 | 
y 90 18 | 
90 23 
T. 
S4 22 | 
86 | 19| 1.0 
88 | 24 
88 23 
82 7 | 
90 | 
93 20 | 
‘ 86 28 | | 
9| 
2) 
15 | 
90 | | 
84 9 | 
4 10 | 
88 20 | 
; 90 28 | 
89} 10} 
j 81 6 
86 10 | 
i 82 15 | 
84 9 | 
83 24 | 
am 86 20 | 
88 20 | 
90 15 
90 | 2Q4e 
90 | 
’ 93 20 | 1.6 
a5 | 45 | | 
82] 12] 15.5 
87 31 
87 19 | 2.5 
89 18 50.7 | | 
89 | 26 | 60.2 | 50 
85 | 22) 50.0 3.0 
86 18 | 52.8 2.0 
90| 20) 51.3 cesses || Alstead 20 | 2.5 
8 | 21! 61.3 80) 18.0 
81 16 | 46.8 | 11.0 
86 | 20 | 54.0 05] T. 
83 22 54.6 | 02 3.0 
86 | 24 9 | 6.0 
90 | 36 | | 1.5 
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Precipita- Temperature. { Precipita- 
tion. (Fabrenheit.) tion. 
3 
| 
New Hampshire—Con'd.| ‘d. ‘d. | ° | ° Ins. | 
Lakeport | | 18 49.3) 2.52 
Lancaster 76 ] | 1.22 1.5 
Mine Fall pecce 21 80.3 1.9 owe 
| 88 1 2448.8) 1.13 
& 0 31 2.23 
80 1.60 
i 82 | 61/7 | 2.13 
77 2 oo dot 34 2.63 
: 29 | 62.4 
5 | .| 
5 ad 34 61.3 
cece 21 | 50.6 | 
1 28 | 63.2 | 6 
5 cove 30 | 64.3 | 
0 peeves] pees 34 65.3 2.87 
5 1 bees 32 64.3 «(1.88 
35 | 67.0 2.31 >. 
30 | 63.6 2.11 
Moorestown .........—. 31 | 64.4) 2.58 
Newarka....... 28 65.8° 2.72 . 
L 32 64.5 3.65 
M | 60.6 | 
Ocean City .... . eas 28°) 65.9 x 
Oceanic ........ j 35 | 62.7 
Plainfield -...... 84 eee 64.0 
Rancocas...... | ( 23 58.3 «1.81 
Readington *°. eee 29 | 62.2, 1.94 3 
1 46.0 oe. 24 | 50.4 |....... 
vee 4 6.41 3.0 
r 4 4.92 
3{ 5.85 |...... 4 
( 3 5.98 |...... 
1 4 2.35 10.2 
ees ‘| pee 4 8.64 |...... 
| 4 4.04 9.0 
1 4 3.51 
a. 1 : 6.26 5.0 
some | @ 37 4.75 6.0 
“4 4! 5.12 8.0 
on 1 41 6.20 2.8 
5 2 42 7.19, 7.0 
bee 1 as 4.87 2.5 
0 os 38 2.08 12.2 
heed 1 OME 5.85 5.5 
bales sad 0, ee 41 0.99 1.5 
sted betes ee Ww) 2.65 3.0 > 
ag ee 4.8 1. 42 0.68 4.3 
‘ 42.7) 1. 4 2.40, 24.0 
1. 38 2.40 @.0 
0. os 41 4.19 4.5 
15 | 5m | 1. 3.84 | 
Ag 
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North Dakota—Cont’d. 


Bowling Green 


Camp Dennison . 


Cleveland (V.0O.). ..... 
Cleveland (W. B.)....... 
on 


Defiance...... 


McConnelsville t 


ari 
Medina ..... 


New Berlin...... 


sts, 


Maximum 
Minimum 

Mean. 

| Rainand melted 


81 11/382 3.60 
76 35.0 | 7.78 
19 55.1) 5.06 
92 18 | 54.8 2.55 
8 «6:19 | 54.6 | 3.84 
8) 2 80.0) 2.96 
50.6) 1.88 
86) 15 51.2) 4.50 
8 18 55.5) 4.08 
54.4) 2.57 
57.0) 2.04 
89, 54.6) 3.71 
99 | 2 | 60.7 | 0.91 
88 55.6) 3.18 
89 | 21 «57.6; 4.90 
8 16 528) 
88 | 20) 55.1) 2.76 
23/59.2) 1.65 
88 20 | 55-0 2.93 
4.08 
5,08 
89 | 287 
61.4) 0.64. 
20) 55.0) 3.28 
88 20) 55.7) 3.69 
8 0,548) 244 
89} 17 52.6) 4.18 
1.88 
89) 58.9) 2.23 
% 18 50.8 0.61 
91) 6.2) 1.61 
8 | 50.3) 1.08 
2 53.5) 4.45 
58.4) 1.63. 
93| 58.2| 1.56 
87 18 54.5 | 2.88) 
8 60.0) 2.17, 
91) 4.08 
3.00 
2.78 

4.638 

4.67. 


89 
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9% 

87 
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93 

92°) 60.0° 
89 | 57.3 
86 B44 
8 | 18 55.7 
21 58.2 
8 | 2 58.9 
86 | 2 53.6 
88 | 53.4 
88 | 20 36.4 
87 18 | 55.0 
86 | 21 | 56.3 
90 | 2 | 55.6 
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ure. | Precipita- | Precipita- 

Fahrenheit.) | (Fahrenheit.) tion. (Fahrenheit.) tion. 
- | | | 
Le | | 
| | | 
Universityt ..........++. 
Wahpeton t ............. 
Wildricet? ..............|.. 
Willow Cityt..... ... 0 21 | 57.0 Grants Passat...... ...| 69 
Woodbridge? ..... 88.4 ...... 70 
Akron | .| 28 | 57.6 | Jacksonville ............| 66 
Annapolis ............ | 89) 28) 57-6 | 
4 Ashland ...........+.. Orangeville .............. 86 15 | 52.6 
Pataskalat..............| 91 22 | 57.6 | || Lakeviewt........ .....| 56 
22 | 59.3 | 
Plattsburg..............| 87 18 | 57.8 | 
Bellefontaine ........ POMETOY 21 | 59.8 | 
7 Berlin Heights ....... Portsmouth 96 29 63.1) | Mount Angel t.......... 69 
Bigprairie ............ Ridgeville Corners....... 90) 18 | 54.3 | | 70| 
Binola 90 | | 60.8 | Newbridge.......-......| 70| @ 
Bissells 18 | 52.3 | T. || Newport 29 
q Bladensburg 91 20 | 55.0 | Pendleton 23 
| Rosew 86) 2) 56.0) Riddles ®® 68 30 
Caledonia t........... 
Cambridge .....  ..... 
4 Dover........... 
Canfield 
7 
: Cardington ........... 
Carroliton...... ..  «. 
Cedarville.....  ...... 
Cincinnati............. 70 15 46.6 | 
Circlevilled ........... West Fork *8............| 68 30 45.8 2.8 
Clarksville ........... | Weston.... 68] 20 | 43.0) 
Williams ................| 64 26 45.40 
Pennsylvania. | 
| Coalton...... AQUECUCE 95 | 28 | 55.8 | 0.2 
Colebrook Beaver T. 
Dayton Blooming Grove......... 87 7 | ( 5.2 
Browers 

Demos OF 25 | 54.6 | 

Dupont 85 20 | 52.4) 14.0 

Fairport Harbor*™...../ 82 Oklahoma. 9 53.4) 

Fayetteville.............| | 22 | 63.0 | 98 23 | 53.6 | 

91 T. | 8 24 | 67.0) 95 22 | 53.9 | 

Frankfort :..............| 91 | Arapahot .............-| 98 23 | 65.4 | Confluence 3.0 

Garrettsvillet...........| 86 8.5 || Beavert 33 | 66.2 | Coopersburg ............| 91 3 53.8) 0.4 
Granville 90) 0.2) Burnett 27 | 66.2 | Dav 
Gratiot 0.4 || Clifton 94! 66.8 | | Doy 
Greenfield ............ ..| 86) | Emid 98 | 65.6] 

Greenhill ...............-| 88 1.2 || Fort Renot 91 29 | 65.4 | Dubois 2.8 
Greenville T. Fort 94) 31 | 65.9 | 
Hackney. .... ......... 88 | 1.0 || Guthriet 92) 30 | 66.4 | Dyberryt................| 8&8 16 | 47.8; 2.5 

4 Hanging Rock........... Hennesseyt.............| 9 | 67.8 East Bloomsburg 
Hedges 1.0 || Keokuk Fallst..........| 98 | 34 68.4 || East Mauch Chunk.. 22 52.9/ 1 1.0 

Hillhouse................ 86 | 4.2 || Mangumt ...............| 9% | 27 | 66.6 | Baston ................--| 88] 23 53.6) 1 r. 
Hiram 85 | 20) Poncat 92 28 | 67.6 | | Ellwood 2.65 | 1.0 

88 204) 60.2! Emporium ..........-...| 89 21 51.2 | 1.88! T. 

89 27 | 65.6 Parrandsville 1 
91 26 | 66.3 -| 1 
Lancaster ............... sens sil AB 

Leverin Oregon | 2 2.0 

LOZAM 48.1 Grampian ...............| 86 18 | 52.6) 2.0 

4 Lordstown | 51.6 Greensboro t 
McArthur............... | 45.2 1.3 || Hamburg ...............| 94] 23 /|54.4| T. 

Mansfield ¢..............|.. | 46.6 | 93 | 21 | 55.0 
Mariettaat..............|.. 4.3 95 16 | 52.0 
Marietta d | 47.8 98 20 54.2) 

Milfordton | 87.4 | 4.0 | 
Millport | 44.7 | Kennett | | 62 
| 46.2 Lancaster ........... ...| 24 | 53.3 
New Alexandria ........ | 46.0 3.7 
+ 39.8 Lewisburg...............| 92] 2) 
47.1 T. Lock Haven at......... 21 21 


Tasie II.—Meteorological record of voluntary and other cooperating observers—Continued. 


MONTHLY WEATHER REVIEW. 


Philadelphia W.B 
Pittsburg.......... 


Sinnamahoning ........ 
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Little Mountain 
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Smiths Millst.... 


Trenton ..... 
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Ins. Ins. South Dakota—Cont'd. 

2.74) T. 
RS 21 | 55.6) 2.33 
1.69 Brookings t 
2.96 2.5 | Castlewoodt........... 
| 28/55.8/ 1.21' T. | Farmingdale............ 
1.39 | Forestburgt ............ 
27 | 55.4 1.88 | Forest City?t............. 
2) 52.2) 161, T. Fort Meade t............ 

1.25 | | Goudyville *t*.......... 

2.56 1.5) Greenwoodt............ 
85 4 50.6 | 2.0 92.3 Highmoret.............. 
86 16 | 30.4) 1.18 8.2 || Hitchcock 
19 51.8 | 0.97| T. | Hotch Cityt........... 

12 | 48.3) 1.34 2.0 | Millbank f............... 

87 12 483.8 1.88) T. Northville*! ............ 

| 15/514) 8.27 4.1) Oelrichst................ 
91 | 57.8 |..... | Parkert 
80.6 | 1-13) 2.0) Parkstomt 

0.87 | Rapid City .............. 
33 | 55.9) 2.62 Sioux Fallst............. 

2.69 5.0 || Tyndall ................ 

1.05 Vermilion ............... 
86 14 | 46.2 0.91 0.5 | Watertownt ............ 
140 | Webstert................ 
51.8 ess n 
21) 54.6) 1.06 2.0 | Yankton f 
x9 52.6) 1.0; T. | Ten 
54.8) 1.4) T. Andersonville *! 
Ashwood *t! .. 

0.1 | Benton (near) t. 

80 2% | 46.7) 1.27 0.2 Bolivart.......... 
85 22} 46.4; 1.48; T. | Bristolt................. 

85 27 | 50.38) 1.17 0.5 | Charlotte*t®............ 
49.2) 1.22 | 1.0 Clarksvillet...... 
48 23 48.3) 1.90 T. 

Cookevillet. .......... 
36 | 67.0) 1.4 
1.02 Dyersburg t ............. 

GA 1.50 Elizabethtont........... 
% 36 | 8.2) 2.09 | Fairmount*!............ 
ins 0.72 | Florencet ............... 
96 33 64.0) 1.297 | ¢ .............. 
82 | 65.8; 1. | Greenevillet ............ 

pddbd 1.31 Harrimant .............. 

1.98 _ Hohenwald*t?*.......... 
1.34 | Jonesboro*t!........... 
89 | 66.1 0.69) 
oS 60.0) 0.72 Lynnville®! ............. 
83) 82) 68.9) 1.37 cKenzie*t!............ 
96 38 | 67.6 2.26 MeMinnvillet ........... 
96 33 | 65.8) 2.16) Milant.......... 
95 34 68.0) 1.41 

60 1.4 Ne 
85 | 68.7 1.64 Nunnelly*!.............. 
85 66.4) 1.04 | Palmettot............. 

2.46 ' Riddletont.............. 
87 #2) 65.2) 1.12 Rockwood ¢ ............. 
45 | 68.2) 0.40 Rogersville t ............ 
93 38 68.3) 1.16 St. Josepht.............. 

92 30 | 65.2) 0.97 | | Sewaneet ... 
43) 70.2) 1.52 | | Springdale *!.. 
| ellico Plains t. 
66.6) 0.9% Trenton 
% 31 66.2) 1.01 Tullahoma t.. 
91 38 | 67.3) 1.09 | Union Cityt... 
40 | 69.1 1.99 Waynesboro*!...... ... 
92 66.5 1.00 | eras. 
$2 | 67.2) 0.91 
93 37 | 8.4) 0.19 
87 | 06.2) 2.22 
81 16 43.2) 6.50 
87 10 | 47.5) 5.66 | Balifmger cess 
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Temperature. Precipita- | Tem ture. | Precipita- 
(Fahrenheit.) tion. | | (Fahrenheit.) | tion. | (Fahrenheit ) tion. 
| | | : 
b Ins. 
Lock No. 4¢........ ag | 
hed 
fflin 80 | 
Ottsville ‘ 
Parkert 
Philadelphia ¢..... 
Point Pleasant ..... 
Pottstown.......... 
| 
eading® ..........., i | 
Renovo 
4! | 
Saegerstown ........ 1 
Salem Corners....... es 
Scranton ............ | 
Selinagrove ......... i7 4 
Shawmont ......... 1 11 » 
Shinglehouse..... 12 
»| @ 
S|; 
Somerset .......... | | 
South Bethlehem *'. | 
South Eaton ........ | 
State College....... 18 | 48.9 
Sunbury 
Swarthmore......... | -0 | Golindo 0 ; 

15 
Waterville ..... ...., 28 
Wellsboro *t!....... | T. 
West Chester......... ) 12 | 

4 a 
Wilkesbarret ........ 18 
Williamsport ........ ‘| 

Bhode Island. 34 
Block Island ......... ay 
Bristol | 82 
Kingston 27 : 
Lonadale 34 
... | | 
Pawtucket ........... 30 
Providence @ ......... 4 
- Providence ¢......... 
Allendalet ........... Paris+.... 90| 
| 58] 4 
Batesburgt .......... | 99 
Blackvillet .......... A 
Central t ............ Rockepringset 
Cheraw | San Antonio............. 90 44 
Effingham t..........., | Sulphur Springst....... 90 81 
Florence? ...........«.. | 90 38 
Georgetown ......... | 84 | 
Greenville? ....... «.. 90 36 
Greenwood ¢ ......... eatherfordt............ 96 34 
Holland ............. Utah. - 
Kingstreeat.......... 
Kingstreedt........... 40 
eee ** 4.0 4 
st. 
St. Matthews?t ........ 0.8 
St. 
Samtuck f.......- 8.0 
|Koosharem .............. 70|—1 1.2 
Statesburg?.......... 12 5.5 Pe: 
Winnsboro .......-.... Mammoth 18 | 6.8 
Yemasseet Mantit¢ 4 9.5 
Aberdeent ........... Mount Pleasant*t!.....| 72 13.0 
Alexandria t .......... Ogdena*? 
>. 
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Taste II. record rad of and other cooperating 


Soldier Summit t 


RESSENS 


Burkes Garden.... 


Christiansburg t 


Fredericksburg t 
Grahams Forge t 
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(near) t. 
Rockymountt . ... 
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Precipita- 
tion. 
3 
4. 
cE | 
Ins. | Ins. 
0.50 T. 
3.83 | 36.3 
0.83 8.2 
0.10 1.0 
0.03 
0.6 
1.06; T. 
1.07 
1.02 10.2 
0.63 0.3 
1.00 9.0 
0.89 2.2 
1.53 0.5 
0.60 5.0 
0.28 5.0 
0.48 |...... 
1.75 11.0 
2.04 4.0 
1.96 8.0 
2.2 
0.89 5.0 
1.14 5.0 
0.61 8.0 
1.233 8.5 
1.38 4.0 
0.41) T. 
0.4 
2.00 
1.39 
1.89; T. 
2.46 
1.10 
3.71 
2.02; T. 
3.18 
1.42 
1.39 
2.80 
5.40 
1.19 T. 
1.38 T. 
1.9 
2.46 | T. 
1.37 
0.94 T. 
1.11}; T. 
1.5 
1.29 
1.50 
1.48 T. 
2.12 0.5 
1.91 
1.88 
2.22 
2.55 | T. 
1.72 
2. 46 
2.05 
1.48 T. 
1.54 
1.83 0.5 
1.338 T. 
1.85) T. 
1.88 
0.97 
1.30| T. 
8.98 
4.52 
7.66 2.5 
3.65 T. 
9.30 47.0 
1.86) T. 
5.47 
1.69 T. 
2.54 
ana 
1.56 
0.94 0.5 
1.00 T. 
0.80 
2.65 
4.36 
2.11 1.5 || 
0.49 
1.33 
5.65 | T. 
3.98 
6.41 


Washin Conte. 


Moxee V aliey+ 
t 


Shoalwater 


pokane. ... 
| Stillaguamisht 


Union City+....... 
Vashont.......... 


Buckhannonat 
Buckhannon dt 


DO 
Elkhorn 


Morgantowna@t.... ...- 
Morgantown 
New Martinsville t 


Point Pleasant t. . 


Belo 
Black Falls t 


| 


Temperature. 
(Fahrenheit.) 
= 
° 
52) 17 | 85.5 
73 18 | 48.6 
@ | 47.2 
66 82 44.6 
70| 28 | 46.8 
71 | 46.0 
72| | 48.2 
62 | 43.0 
65 46.34 
665 | 42.8 
60) 35 | 45.7 |. 
65) 28 | 42-7 
70 | | 47.0 
73 | 45.7 
«19 48.8 
66 | 45.2 
74 | 45.6 
65 82 | 46.4 
6 | 19 40.2 
67 «80 | 47.2 
84 «50.6 
2 | 57.6 
87 | 51.2 
89 «20 | 58.9 
2 21 55.2 
87 | 2% | 59.2 
894 194) 57.34 
21 59.2 
23 | 57.0 
8 «6:28 | «56.2 
24 /| 59.2 
| 15 | 56.4 
19 | 58.8 
"58.7 | 
61.4 
60.0 
30.2 
64.0 
‘50.5 |. 


52.8 
81 | — 7 | 42.4 
8 | 48.0 
8 10 | 49.8 
9/ 51.2 
77 | —5| 43.2 
88 15 52.2 
13! 48.1 
83 10 | 47.0 
81) 5 | 41.6 
85 11 | 48.7 
78 | — 5 | 88.6 
8 | 14/521 
| 44.0 
| 49.4 
80 48.9 
84| 16 | 51.5 
48.0 
81| 14/| 51.8 
7 | 12) 44.8 
8) 10/ 49.1 


Precipita- 
tion. 
3 S 

| 
a 
Ins. | Ins. 
6.43 | 49.5 
0.29 
2.95 
2.17) T. 
4.06 
2.09; T. 
1.14 
1.89 

9.91 

1.78 | T. 
5.08 

9. 67 


=. | 
2.61 0.6 
1.40 
3.64 
0.82 
8.17 2.0 
1.27 
2.15 

3.48 

2.05 1.0 
8.85 | T. 
3.18 

2.76 

2.24 

1.57 | T. 
1.40 0.5 
2.18 0.5 
0.84 

1.64 

1.31 

2. 64 

1,11 

1.82 1.5 
1.30) T. 
1.39 T. 
1.68 0.2 
2.07 

2.60 

1.26 
0.1 
1.91 

1.84 

2.70) T. 
1.00 1. 
1.42) T. 
2.80 1 
1.95 


8.16 

4.35 

2.76 

4.70 

4.69 6.3 | 
5.38 | 12.0 
4.30) 24.0 
2.25 

3.84 2.3 
‘3 | 
4.21 
3.97 0.2 
5. 22 

1.18 4.0 
3.75 | T. 
5.06 1.5 | 
6.35 2.5 
3.81 8.0 
3. 68 
5.48 2.0), 
7.10 | 12.0 || 
8.3 |) 
4.71 T. 
8.87 | T. 
7.06 | 11.5) 
5.40 3.0 
4.30) 5.0) 
cose of 
5-30; 0.2 
6.08 1.0 
4.91 0.5 
7.51 0.8 
5.37 3.0 


0.5 | Portage 


| Prairie du Chien... 
0.9 Sharon? 


Stevens Pointt. 
Junction t 


| Fort Washakie 
Fort Yellowstone t 
(CW. B.) 


Mexico. 
Ciudad P. Diaz 
Leon de Aldamas 


New Brunswick. 
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Temperature. | Precipita- 
(Fahrenheit.) tion. 


3 
4 Ee 
an 
3 3 
° ° ° | Ine. Ins. 
81 2/448) 261) 20 
Wiest | 5.30 20 
"po [90 147.4 
9| 47.9) 3.0 
83} 12/522 5.20 
79| 12/464) 7.19) 26 
44.9) 5.67| 7.0 
8 1/48 B72 48 
82| 12] 48.3 5.43 6.0 
| 1261.2) 3.84) 1.0 
88| 12/1 46.2) 4.56) 
87) 13/514) 5.50) -1.2 
10/ 51.7) 3.64) 
46.1 6.25} 3.0 
78|—7/ 42.8), 4.31) 15.0 
s2| 9/488 8.67. 6.0 
84 | 11/492) 5.28) 3.5 
81} 138/502 819 4.0 
82] 11/50.9) 4.59) T. 
12/498 4.11 T. 
10/45.6 4.74 5.0 
8/468) 326) 4.5 
84] 10/497 6.05) 0.5 
8} 11/494) 5.08) 4.5 
83 | 12/484) 4.25) 20 
64|—2 34.8 | 1.76 | 18.0 
1181.8 7.10) 11-0 
&| 18/464 0.97) 9.0 
70 | 1.60) 
60} 84.2) 10.1 
“ez | | 87.4 | 8.88 |... 
80| 1.19)...... 
75 10/| 41.8 1.05| 6.0 
8140.0) 271 
7| 7145.2! 0.55| 6.5 
97 | 76.6) 0.63 
49/ 71.4) 0.30 
87| 44/ 66.2) 0.72 
87| 1.11 
9 | 86/72.8) T. 
65 | 89.0) 1.47) 2.5 


"A foilowin 
the hours of observat 
| ature was 


‘Mean of 6a. 
5 Mean of 7 a. m. 
of readings a 
mean by special tables. 

ean from hourly —— of thermograph. 

Moon of 7a.m.+2 

® Mean of sunrise an 

1” Mean of sunrise, noon, sunset, and midnight. 

The absence of a numeral indicates that the mean 
| temperature has been obtained from daily readings of 
_ the maximum and minimum thermometers. 

An italic letter following the name of a station, as 
ton a,” “ Livingston },” indicates that two or 
more observers, as the case may be, are reporting from 
A small roman letter following the 
name of a station, or in figure columns, indicates the 
number of days missing from the record; for instance, 

‘= denotes 14 days missing. 

No note is made of breaks in the continuity of tem- 

rature records when the same do not exceed two 
All known breaks, of whatever duration, in the 
ve appropriate notice. 


the same station. 


precipitation record rece 


EXPLANATION OF SIGNS. 


* Extremes of temperature from observed readings of 
dry thermometer. 

+ Weather Bureau instruments. 

t Record furnished by the Arrowhead Reservoir Com- 
any, = the San Bernardino Mountains, San Bernar- 
., at elevations varying from 4,900 to 


the name of a station indicates 
from which the mean temper- 


2pm AT hours reduced to true 


9p. m. +3. 


nese. 


Temperature. 
(Fahrenheit.) | 
| 
= 
| 
Utah—Cont’d. ° | Wisconsin—Cont'd 
Pahreaht................| 1% Medford ........+ 
Park Cityt.............-.. 50 9 Menasha ——____. 
72 28 | Neillsvillet ....... .....- 
St. George 82 18 New London .....#...... 
Salt Lake City...... Pine Hill t ........... Oconomowoc ...... 
Scipio t 74 11 Pomeroyt OCODCO 
Snowvillet............ -| 71 12 Pullman t...... 
Vermont. Southbendt ............ 
Burlington t..........-.-| 82 Ww cece 
Hartland t...............| 88 16 
Jacksonville .........-..| 85 10 Walla Walla ............|-. Watertownt ............ 
4 Norwich 14 | Wenatchee Laket....... Waupacat® ............-| 
4 St. Johnsbury ........... 76) 17) West Ferndalet.... .... 
4 Strafford *t!............| 7% 18 West Virginia. Westbend ...............! 
Vernon ®®...............-| 24 | Beckley sess Westfield t ..............} 
78 12 | Beverly t Whitehall t..............] 
Virginia. Bluefield Bighorn Rancht ........ 
Alexandria .............. & 28 | Cheyenne 
24 Burlington Fort Laramiet.......... 
96 30 Charleston t.... ...-. 
Bedfor 90 29 | Paves 
Blacksburg.............-| 87 23 Fairmontt Luskt......... 
Buckinghamt.......... 9 | 14 Glenvillet Sheridan ................ 
. 18 Grafton t Sundance .......... 
Charlottesville.......... % 28 Harpers Ferryt.........)— | 
a, Hot Springs .............| 87 18 austans West Indies. 
4 Lexington Grand Turk Island...... 
26 Parkersburg ........-...|.. 
Marion ¢ ..... ......+.---| Bennsboro 
Montereyt.......... ...| 84 16 ee... 
Nottoway .............-.| 100|° 2% Powelltont 
Spencer 
1 Westen 
ulphur ngst. 
senses Wisconsin. | 
Stanardsvillet.......... Amherst | 
Stauntont............... 86 5 | -+9 p. m.+9 p. m. +4. 
Stephens Cityt.......... Apollonia *+!........... 6 2 2 Mean of 8 a. m.+8 p. m. + 2. 
Sunbeamt............... Bayfield 65 10 
Warsawt 83 18 
Westbrook Farm........ gence 
Wytheville t............. 
Washington. Butternut 
Aberdeent............... 
Blaine | 22 
Centervillet.........-...| 66) Deperet 
Chehalist................) 7 | Eau Claire .......... 
Connellt ———.........| 18 | Fond du Lact..........- 
Coupevillet .............| 30 | Grand River Lock......./— 
Ellensburg t.............| 72 
a ort Simcoet .......... V7 ones 
J Fort Spokane ...........| 69 
Grandmoundt........... 68 Koepenick *t!........... 
Kennewickt............| Lancastert ...........++ 
Madrone*t?........ ....| 66 Manitowoct 
4 Meadow Valleyt........ | 


Jo 


Aprit, 1896 


ntinued. 


“pupa jo rer 

6 
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* Record for 20} days. 


wind movement for each hour ¢ meridian time, April, 1896. 
| | sig | dig | 
ala aia = 
12.2 12.7 16.0 5 15.0 | 12.7 13.4 
7.4 8.8 9.7 8 7-3) 7.5 | 7%. 
9.2 11.3 2.3 4 10.3 | 9.0 7.1 
17.0 18.8 D2. 5 8 22.1 20.0 19. 
9.0 10.4 0.7 5 7-6) 7.9 8. , 
4.0 5.7 8.8 a] 5.8 4.5 
| 3.9 4.0 9.8 5 9.1) 7.7 4.3 
| 6.2 8.2 1.0 ) 7.7 7.5 7.0 
10.5 11.8 4 | 14.7 | 13.3 13.0 
; 13.3 14.4 5 | 17.3 | 17.6 15.0 
10.8 11.8 4 12.7 10.7 10.2 9.1 
13.5 14.3 9) M1 13.3 | 13.4 14.0 
8.1 10.9 12.2 8.9) 7.9 8.6 
13.6 14.6 | 3/125) 12.6 13.4 14.0 
; 6.8 | 9.2) | 12.7 9.4 8.3 7.8 
| 8.5 
.8) 9.8 
L9 | 17.0 
18 6 20.1 
12.1 
15 7 3 0 
11 ] 7 0 
~ 4 2 8 
11 4 2 9 
2 0 1 1 
qd 
3 5 
6 5 
11. 
14. 
| 9. 
12. 12.2 11.4 
11.8 11.4 | 11. 
10.7 16.2 18.4 
11.3 12.5 | 11.8 
5.5 8.9 | 10.7 
13.0 14.8 16.0 
8.4 11.9 | 12.0 
5.2 7.4) 7.5 : 
11.9 18.4 | 13.6 
18.5 15.3 | 15.0 
9.0 12.7 | 12.6 
12.3 16.5 | 15.6 
7.7 0.0 | 9.7 
16.1 17.1 | 17.0 
8.2 12.1 | 11.5 
5.5 7.8/ 8.9 
14.8 18.7 | 18.8 
7.5 10.7 | 12.2 
7.5 9.6) 9.8 
6.2 | 8.8 10.2 3 
10.5 2.5 | 13.1 12.0 
11.8 4.1 | 13.7 13.8 6 
11.2 -1 | 14,2 | 14.1 1 
12.1 812.8) 122 
5.7 8 15.1 16.1 16.6 | 17.1 | § 
5.2 | 81! 82! 7.7) 76) 
8.4 7/ 11.7! 11.2 10.9 | 10.5 
2.6 2 | 8.9 9.5) 9.1 
4.0, 17.5 | 16.6 15.1 
‘ 7.3 | 5 | 12.0! 12.4 11.8 | 11.0 
B.0 | 6) 65) 74) 85) 94) 
4/4 | 18-2) 13.5 | 18.0) 18.4 
8) 7-7) 7.4] 7.0) 7.2 | 
7) 12.7 13.3 | 13.0 12.1 | 
0/1 18.0) 12.7} 
7 8.7 9.4 
3 | 11.9 
5 | 14.8 | 14.3 
5 18-6 | 14.1 
8/14 15.1 | 15.1 
2/13 15.1 14.1 
8 12.2 12.4 | 
10 | 18.2 12.9 | 
7.9! 9. 11.3 | 11.0! 11.2 q 
11.9 | 11. 15.7 | 16.8 | 16.4 E 
9.7) 9. 10.2 10.9 | 10.7 
7.7/1 9. 10.9' 9.8!) 92 
11.2) 15.4 | 15.8 | 15.8 
13.7 | 15. 17.7 | 18.1 | 16.0 
9.8 | 10. 12.8 13.0 | 12.3 
10.8 | 11. 11.6 | 11.7 | 11.5 
7.4 | 8.4 1.9 | 11.8 12.1 
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o 
9. 
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7. 
5. 
13 
8 
8. 
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8 
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8 
2. 
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9. 
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Tasie [X.—Resultant winds from observations at 8 a.m. and 8 p. m., daily, during April, 1896. 


_ Component direction from— Resultant I Component direction ei | Resultant 
Stations. Stations 
| w s. | | w. |Direction, Dura. | N w ‘Direction Dura- 
| from— | | | | from— tion. 
New England Hours. Hours. Houre.| Hours. | Hours. Upper Lake Region—Cont’d. Hours. Hours.| Hours. Hours. ° Hours. 
Portiand, Me... 19 | 8 | Sw. 12 Greenbay, Wis 16 19 20 s. Be. | 6 
Northfield, Vt.. 26 | 30 s. dw. 4 Duluth, Minn 82 7 25 15| | 
Boston, Mass... ... oe 21 Tw.) 8 or | 
Nantucket, Mass....... 16 19 n. 17 w. | 10 Moorhead, Minn .... 22 18 16 16 Son. 4 
Woods Hole, Mass.* ... 5 15 8 s. 10 ~Bismarck; N. Dak 27 M4 2 9 18 
Block Island, R.1.......... 15 13 n. | 4 Williston, N 2 10 15 n.18Ww. 19 
New Haven, Comm 19 16 15 | & 18 e. 8 

Middle Atlantic States. St. Paul, Minn 13 20 22 21| s. 8e. 7 
WEE, B 16 | “4 n.diw 9 | Davenport, Iowa 14 25 2 15| s. | 13 
Harrisburg, 9 8. Be 6 Des Moines, lowa 15 2 21 16 | 8. 36e. 9 
Philadelphia, Pa 21 17 18 | 0 4 || Keokuk, lowa............ 9 2 19| 8. llw. 20 
Bal’ more, M4. ..... whee 19 a 16 | 2 «6s. © 12 16 12| 8s. We. | 22 
Washington, 20 20 | 18 | 18 0. 0 | Springfield, 8 34 9 8s. ll w. 32 

South Atlantic States. Missouri Valley. 
Charlotte, N. Cocsecessccesccees wecee 12 32 16 | ll 8. Me. 21 | Columbia, Mo.* .......... 0.2.6.0. 5 16 12 8 | 8. We. 12 
Wi. 2 | 19 4 2 n.6w. 8 Kansas City, Mo 8 2 8. Be. 29 
Kittyhawk, N. 17 3) 9) 7 Springfield, Mo. 5 37 8. 35 
Raleigh, N. 18 | | 19| s. Sw. 10 Omaha, Nebr... 18 17 21 | 17. n. 4 
Wilmington, N.C M4 23 15 s. 8 w. 14 Sioux City, 11 9 n. | 6 
Charleston, 8. 6) | 20 | 18 8. Se. 22 Pierre, 8S. Dak... 26 8 15| | 20 
Augusta, GA... | 4 Me. 19 Huron, 8. Dak.... 25 2 19 n. Se. 8 
Savannah, Ga 10 26 20 18 os. Me. 18 orthern Slope 
Jacksonville, Fia........... 13| 8. S8e. 20 | Havre, Mont | 

Florida Peninsula. Miles City, Mont 23 12 4 22) n. 36w. | 
7 n. Se. Helena, Mont ............... 12 2 3 87 | 8. | 35 
Key West, Fla ....... wovewecqud 18 8 | 46 8 n.Tle. Rapid City, Dak......... alin 23 15 2 18 
dee 22 17 n. Be. 22 Cheyenne, 22 15 5 29 
Atlanta, Ga ........ 13 6) | 8. 49 w. 11 North Platte, Nebr ................ 18 18 21 19| @. 2 
Pensacola, Fla 10 16 18 8. Sw. 3 Middle Slope. | 
Mobile, Ala Pe 35 17 94 || Dem ver, CON 21 18 14 8. Be. 5 
Montgomery, Ala............ 12 2, 2) s. 10 Pueblo, Colo ...... naman 15 19 16 8s. Sl w. 6 
Moridian, Miss ...... 7 13 8. 2w. $8 | Concordia, Kans 34 18 12 8. Be. 27 
Vicksburg, Miss... 4 29 | 18 13 soa. 8 e. 85 Dodge sees 14 29 19 4 sos. Be. | 16 
New Orleans, 4 % | Ste. 39 | Wichita, Kans.......... 11 39 12 9 s.6e. 
Western States. | Oklaho Okla 7 9 | 37 
Shreveport, La.............++ 5 45 16 7) s. ie. t 
Fort Smith, Ark 5 | 32 8 We. Abilene, Tex 6 41 18 10| s. 36 
Little Rock, Ark .. 4 42 10 122 8. 3w. Amarillo, Tem. 6 41 1 18 | 8. 39 
Corpus Christi, Tex....... 5 35 | 40 1 8. Re. 49 Southern Plateau 
Galveston, Tex ............. 3 40 28 2 s. Be. 45 | Elpaso, Tex ....... 19 10 10 18) «on. 42 Ww. 12 
Palestine, TOX 5 il 6 8. 7e. 41 | Santa Fe, N. Mex ....... 11 28 19 8. 13 w. 18 
San Antonio, Tex 8 29 | 35 8s. Be. SB cece 9 18 2 s. Ow. 21 
Ohio Valley and Tennessee. 17 M4 1 27 n.79w. 16 
Chattanooga, Team .... 21 | 15 24 «6s. Rw. ll | Miidle Plateau. 
Knoxville, Tenn 15 | 2 14 on. Ow. 26 | Carson City, Nev............ 15 19 5 s. 82w. 30 
Memphis, Tenn ........... | 32 | 10 8. 44e. 32 Winnemucca, Nev ................. il 12 6 8s. 4 w. 19 
Nashville, 8) 20 13 os. Ibe. 27 «Salt Lake City, Utah. ............. 18 2 17 22| s. 68 w. 5 
13 2% Ow. 26 Northern Plateau. 
Louisville, Ky......... 9) BY) 16 13 s. 2% Baker City. 17 Ww 14 s. Ww. 12 
Indianapolis, Ind ........... 13 | 29 | 18 8.8 e. 16 Idaho Falls, Idaho ....... 17 6 7| 8. 8w. 17 
Cincinnati, Ohio ........... 12 | 29 19 s. Be. 18 Wash ............ 11 15 18| 8s. 7w. 23 
Columbus, 17) 1-8. Ow. _ 18) Walla Walla, Wash.......... 10 37 11 10| 8. 2e. 27 
Pittsburg, Pa ........... 15 2 | 13 23 s. Sw. 12 North Coast Region. 
Parkersburg, W. Va........ 21 2 | 19 8. 8e. 7. Fort Canby, Wash .............-... 11 Qu 13 s. We. 10 
Lower Lake Region. Port Angeles, Wash ease 6 25 14 21. «os. Bw. ll 
Buffalo, N. Y........ 8 15 39 w. 21 | Seattle, Wash...................... 13 30 8.8e. 17 
Oswego, N. Y¥........ 10 | | 19 | «6s. Bw. 18 Tatoosh Island, Wash............. 4 20 24 22 s.7e. 16 
Rochester, N.Y... eee! 10 12 s. 22 Portland, 13 31 18 «8s. 18 Ww. 18 
Cleveland, Ohio...........«- M4 | 25 21 19| s. Middle Pacihe Coast Region. 
13 17 19 s. w. B || Cal 14 25 3 18 8. Be. 13 
Detroit, Mich.............. eee 13 19 19 } s. Hw.) 8 Sacramento, Cal .............. 7 | 35 R s. Ww. 30 
Upper Region. | | San ncisco, Cal......... hon atuanl 7 14 3 43 8. 80w. 41 
Alpena, 21, s. Se, South Pacific Coast Region. 
Grand Haven, Mich..... S400 26 16 13 | 8. 9e. 20 | Fresno, 20 8 11 34) on. 62 w. 26 
Marquette. 5 Los Angeles, Cal........ 17 1 20 30 nn. 19 
ort Huron, Mich 17 | 27 16 | 6s.lle. 10 || San Diego, Cal 24 7 13 32) 26 
Sault Ste. Marie, Mich.............. 2) | 15 | San Luis Obispo, Cal................ 10 31 on. 7 w. 
Chicago, Ill........ all | | 8. 16 


* From observations at 8 p. m. only. 
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4 
| 
- 
| Total. 
Ss 
| 5 
0 
88 | 19 
0: 0 
2%. 9 
; 0; 9 
| 8) 7 
0 0 
| 8) 
4\4 
5| 3 
0: 0 
0, 0 
-| 24 6 
0. 0 
‘ 2: 8 
‘ 20, 11 
1; 1 
-| 178 | 19 
$9 «11 
1 1 
1; 1 
0 
-| 218) 
4 
-| 122 2 
0 0 
27: 9 
2; 2 
-| 42/10 
‘| 
9| 2 
9 
| 3/18 
-| 8! 7 
5| 3 
-| 129) 22 
. 8% 
-| 204 20 
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‘ 15; 9 
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Taste XI.—Hourly sunshine as deduced from sunshine recorders, April, 1896. 
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Monthly summary. 


Percentages for each hour of local mean time ending with the respective hour. 
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* All values for 21 days. 


Taste XII.—Mazimum rainfall in one hour or less, April, 1896. 
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tt Less than 0.05 inch in one hour. 


t Partly estimated. 


* Record incomplete on account of snow or other causes. 
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TasLe XITI.—Z2zcessive precipitation, by stations, for April, 1896. Tas_e precipitation—Continued. 
Se | Rainfall 2.50 3 | Rainfall 2.50 
| or inch | inches on” inch, 
more, in %4 hour more, in 24 
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2.99 
sees 2.65 Dodge City...... 2.91 
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Taste XIII.—Zxcessive precipitation—Continued. TaBLe precipitation—Continued. 
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Chart V. Relative Variations of the Horizontal Magnetic Force, the Magnet-Watch Integrator, 
. and the Northwest Pressures and Temperatures. April, 1896. 
L 
Aorizontel Component o 
4 
- 
J 
+400 
- 20 + ‘a \ 
+20 VA / 
ig, 
a +/0 
-/0 
> 
Northye st 
Detlecting Magnetic Forces Magner Wareh Pressure Jermperetiure 
D dx cy | Noon | At 
oF 40 -7 -7 /88 -279 | 3037 | +138 26 
2 | 67 49 +a -6 144 387 -/27 4/9 32 +/ 
3 JE 50 +4 ~/4 /63 3585 -2 3502/ +22 32 
4 59 4.8 -/2 +3 -/2 /66 3656 69 30.32 433 BS 43 
‘ 5 | 55 ~/6 -2 ~/6 187 54.26 S50 50.26 +26 33 7) 
6 6S 46 +2 458 52.2 3005 +5 37 +4. 
7 50 +4 78 29.16 -/66 29.94 -6 36 +3 
& 77 46 +8 +/ +8 7 26 4 -/92 29.86 “1G 39 tS 
9 69 38 2) -3 43 270 24.46 -J8 29.96 -4. ZS -/ 
77) 3S +6 +8 3520 2345 -6/ 3002 43 3/ -4 
5.3 -6 +7 296 2457 +66 2988 -/0 35 
73 46 +5 30) +3/0 29.57 -40 40 +4 
13 SS 43 34/1 +250 29.50 39 43 
> /4 80 43 4/3 -2 HB 352 36.30 | 29.76 -19 32 
15 48 +4 +/ +4 /4. 4058 +268 30/9 25 26 
16 78 49 +/2 +/ +/2 5 41.57 +59 302/ +28 26 ~/2 
76 46 +/0 -/ +/0 42.28 3/ 2994 #2 29 -9 
| 67 44 +/ -2 +2 294 | 48/2 | +344 | 2974 | ~/7 32 -7 
| 73 +8 +f +8 49.26 +74 29.95 +5 3S 
76 50 ‘add +/ 5 48,/6 -70 30/0 | +22 38 -3 
2/ 62 6.2 +7 -8 MZ 29.8/ 46 
22 | 52 54 -/2 +2 -/2 /7O 45,40 105 29.63 -22 44 +2 
23 5.3 +2 46.59 +79 29.94 +10 42 
24 JIS 6.0 153 5044 *222 29.88 49 +6 
2x | 50 -/2 of -/2 52I9 +98 29.71 54 0 
: 26 | 59 46 -4 ~3 -F 2/8 48.36 | -233 29.60 -2/ 56 +12 
27 | 62 $2 7) 48.51 29.72 -8 49 +4 
28 | 56 4g -6 -2 -6 199 -/84 2980 47 +2 
29) 62 ag +/ -2 +2 296 44/0 -97 29.7/ -7 48 #2 
‘ 30 64 47 +3 -3 44 BIT 44.4 -6 29.7/ -6 52 +S 
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